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ABSTRACT 
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental 
hazards in Pakistan. There are many ways in which the PAH can enter the soil 
environment and interfere with the soil system and the plants grown in soil. This 
study demonstrates the efficacy of organic amendments to improve 
phytoremediation efficiency in PAH contaminated soil. The main objectives of the 
study were to compare PAH concentration in soil before and after the pot 
experiments in different treatments and demonstrate the interaction of soil PAHs 
and compost amendments on PAH bioavailability in soil. To assess plant growth 
in PAH contaminated soil and their subsequent uptake of PAH by vetiver grass 
and rye grass and to evaluate the effect of season on the PAH sequestration in 
SOM fractions. Experiments were conducted with two different soils (S1: Gujar 
Khan with silty clay loam texture and S2: PMAS-Arid agriculture university 
Rawalpindi main campus with sandy loam texture) and grass (P1: vetiver; P2: rye 
grass) types. Each type of soil and grass was studied in six different levels of 
diesel contamination and compost amendment (T1:  Control; T2: 1% compost; 
T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5: 0.5% diesel (PAHs) + 1% 
compost and T6: 1% diesel (PAHs) + 1% compost) and performed with three 
replications. Pot trials were conducted in two seasons: during June – September 
(2012), and October – January (2013). Soil physic-chemical analysis and soil 
organic matter fractionation was performed at the start of experiments and also at 
the end of pot experiments. Soil PAHs analysis was done after the 15 days of 
spiking and at the end of experiments. PAHs were analyzed by GC-MS. Physico-
chemical analysis of the soil pH and EC values were lower than the initial values. 
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Similarly organic matter, TOC and TN concentrations varied significantly in each 
treatment. Plant growth revealed that PAH contamination negatively influenced 
both grass species. However adding compost improved the plant growth in PAH-
contaminated soils with 1% compost. In treatments with diesel and compost 
amendments the plant biomass was higher in summer compared to winter. A 56% 
decrease in root length was observed in vetiver grass when soil was spiked with 
1% diesel. Uptake of low molecular weight PAHs was higher compared to high 
molecular weight PAHs. Accumulation of PAHs in root and shoot corresponded 
to the removal of PAHs from soil by grasses. The accumulation of PAHs in plant 
biomass was greater in summer than winter. The effect of various treatments 
applied showed that the more PAHs accumulated in the absence of compost. 
Whereas the sequestration by SOM in T5 and T6 reduced the concentration of 
PAHs in soil. In vetiver most of PAHs are accumulated in roots compared to 
shoots. GC-MS analysis for soil PAHs indicated that PAH concentration declined 
from the initial concentration. Microbial community analysis by TRFLP showed 
that Streptomyces and Mycobacterium were the dominating species in diesel 
contaminated soil.  Soil fractionation showed that the humin fraction had higher 
percentage in both types of soils, while Fulvic acid concentration was lowest in all 
treatments. However, fulvic acid content was positively correlated to the PAHs in 
soil. In the case of high molecular weight PAHs, humic acid was positively 
correlated with the sequestration matrix. This study clearly showed that the 
phytoremediation of contaminated soil using organic amendments and plants with 
a dense root system could be a useful approach for removal of PAHs from 
contaminated soil. Compost amendment has increased the degradation of PAHs 
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through facilitated by microbial activity. Soil organic matter fractions were the 
prime sites where PAHs was mostly sequestered. 
 
  
 
 
Chapter 1 
INTRODUCTION 
Increased use and accidental spilling of petroleum has fundamentally 
affected soil and aquatic health. Soils and water represent the first lines of receipt   
of pollution with petroleum and petrochemical products. However, when these 
compounds enter into the soil system, they may couple with natural organic matter 
cycling processes and hence alter soil physico-chemical characteristics and 
consequently affect plant growth.  
Soil pollution by petroleum products is a widespread problem, and mineral 
oil hydrocarbons are the most frequently occurring environmental contaminants in 
Pakistan (Riffaldi et al., 2006). Diesel-contaminated soils can pose hazardous 
risks to public health by direct skin contact or by inhalation of the associated toxic 
vapors (Pohl et al., 1997; Chilcott, 2011). Diesel can also contribute to the 
deterioration of soil quality and the contamination of water supplies by 
hydrocarbons that end up in surface waters or groundwater sources. The intensity 
of these impacts depends on the toxicity of the oil and by the resistance of the 
biotic community that is affected. In general, the effect of toxic substances on 
organisms, populations and communities ranges from temporary stress to lethality 
(Reis, 1996). Diesel contaminated sites contain various aliphatic, aromatic and 
polycyclic aromatic hydrocarbons (PAHs). Among them, PAHs pose the greatest 
threat to the environment and human health (Howsam and Jones, 1998). Presence 
of hydrocarbon pollutants in the environment not only adversely affects human 
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health but also affects plant growth and development (Joner et al., 2002; Meudec 
et al., 2007; Euliss et al., 2008; Peng et al., 2009; Nie et al., 2011; Rojo-Nieto and 
Perales-Vargas-Machuca, 2012).  
Hydrocarbons, primarily considered as total petroleum hydrocarbons 
(TPH), comprise the majority of components in most crude oils and contain 
hundreds of individual components. PAHs are one target component of TPH and 
are of concern because some are carcinogenic and may be toxic to the 
environment (Zemanek et al., 1997; ATSDR, 2005). Polycyclic aromatic 
hydrocarbons belong to the group of persistent organic pollutants (POPs). PAHs 
are organic contaminants, which are resistant to degradation, they can remain in 
the environment for long periods and have the potential to cause adverse 
environmental effects (Kordybach, 1999). They are mainly of anthropogenic 
origin, representing a long-term source of environmental contamination and have 
no significant natural sources (Venkataraman et al., 2002). PAHs are known for 
their strong mutagenic, carcinogenic and toxic properties, and are composed of 
carbon and hydrogen atoms arranged in the form of fused benzene rings (Wania 
and Mackay, 1996). PAHs also have uniquely stable structures that allow them to 
persist in the environment (Sugiura et al., 1997) and they are highly hydrophobic 
with low water solubility and thus have a strong attraction to soil particles (Al-
Bashir et al., 1990; Sung et al., 2001). The US EPA has classified 16 of the PAHs 
as priority pollutants based on their toxicity, carcinogenicity and potential for 
human exposure (ATSDR, 2005; Lee and Dong, 2010). 
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Soil organic matter (SOM) is a heterogeneous and complex organic 
material that consists of microbial biomass and plant material at various stages of 
decay (Baldock and Skjemstad, 2000). It has beneficial effects on plant growth, 
soil sustainability (Piccolo, 1996) and in the nutrient supply to plants (Chen, 1996; 
Berthe et al., 2008). It is influenced by many environmental conditions i.e., 
temperature, moisture, precipitation, soil texture, pH, aeration, clay mineralogy 
and soil biological activities, which play an important role in its degradation and 
fractionation (Yamashita et al., 2006) and change it into various organic fractions 
(Helfrich et al., 2006).  The most important organic matter fractions in the soil are 
the humic like substances i.e. humic acid, fulvic acid and humins (Berthe et al., 
2008) which are important for the physico-chemical properties of soil (Dai et al., 
2011; Vergnoux et al., 2011). Soil organic matter concentration is influenced by a 
large number of soil-forming factors, such as climate (Alvarez and Lavado, 1998; 
Ganuza and Almendros, 2003), topography (Burke, 1999), vegetation (Finzi et al., 
1998) and parent material (Spain, 1990). Climate, especially temperature and 
precipitation, is the most important factor regulating SOM concentration in soil 
(Homann et al., 1995).    
Soil is the main and ultimate sink for most organic contaminants. Soil 
PAH pollution is primarily due to industrial accidents (spills, leaks, and leaking 
underground storage tanks) (Lee et al., 2002; Kiem et al., 2003).  As contaminant 
PAHs are released into the ground, they become sequestrated in the soil matrix, 
where sorption of PAHs causes their retention strength over time and reduces the 
susceptibility of PAHs to remediation (Amellal et al., 2001). Because petroleum 
hydrocarbons, including PAHs, are highly hydrophobic, they have a strong 
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attraction to soil particles. In soil most of the PAHs are strongly sorbed to organic 
matter, making them relatively unavailable for degradation. The effect of sorption 
generally increases as the number of benzene rings in the PAH-molecule increases 
(Bogan and Trbovic, 2003).  In addition, SOM controls the sequestration of PAHs 
in soil. Sequestration occurs when PAHs are removed from bioavailable pools and 
stored for long periods. The most recalcitrant PAH fraction consists of residual 
PAHs in soils and seems to increase with aging or soil-PAH contact time 
(Vessigaud et al., 2007).  
Plants have been used to remediate PAHs from soil over the last few 
decades and have been depicted as a promising approach (Phillips et al., 2009). In 
the current study two grass species i.e. Vetiveria zizanioides, L. (vetiver grass) and 
Lolium multiflorum Lam (rye grass) were used to investigate their potential for 
PAH remediation from the artificially contaminated soil and also the effect of 
PAHs on the growth performance of plants, including biomass and length. 
Biomass and plant height of vetiver grass were reduced in the presence of heavy 
crude oil in soil (Brandt et al., 2006). Mezzarri et al. (2011) was also reported that 
growth and biomass of Brachiaria decumbens and Penicillium notatum declined 
significantly when planted in diesel-oil contaminated soils. Due to the high 
aromatic content, the oil was considered as medium to highly toxic to plants. 
Vetiver grass has successfully shown its potential to phytoremediation of PAHs 
from contaminated soils over the last two decades (Srivastava et al., 2008). 
Ryegrass was used to increase the biodegradation of PAHs in the soil and showed 
variable success and the intrinsic difficulty for the degrading of PAHs (Kirk et al., 
2005; Liste and Prutz, 2006). Kechavarzi et al. (2007) observed an 8% reduction 
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in shoot biomass of Lolium perenne exposed to 0.025 g kg
-1
diesel contamination 
after 52 days of treatment. Similarly, Palmroth et al. (2002) reported a 64 % loss 
in biomass in grasses exposed to 0.5% diesel (2.5 g kg
-1
) after 50 days. This fact 
has provoked research interest to investigate the fate and effect of petroleum 
compounds in the soil ecosystem.  There is very little information available 
regarding the role of SOM fractions and sequestration of PAHs due to seasonal 
variations. So, the present study hypothesised that temperature variation 
(winter/summer) affects the soil organic matter fractions which may alter the PAH 
sequestration. SOM fractions provide specific sites for PAH degradation that 
disturbs soil processes that may affect the growth of plants in contaminated soil.   
The main objectives of this study were: 
 to compare PAH concentration in soil before and after the pot experiments 
in different treatments, 
 to demonstrate the interaction of soil PAHs and compost amendments on 
PAH bioavailability in soil, 
 to assess plant growth in PAH contaminated soil and their subsequent 
uptake by vetiver grass and rye grass, 
 to evaluate the effect of season on the PAH sequestration in SOM 
fractions.
  
 
 
Chapter 2 
REVIEW OF LITERATURE 
Diesel oil contains the highest content of PAHs (Wang et al., 1990) which 
is a complex mixture of petroleum hydrocarbons containing low molecular weight 
alkanes potentially phytotoxic and difficult to remediate. Polycyclic aromatic 
hydrocarbons (PAHs) are persistent in the soil environment and frequently 
encountered in soil habitats (Samanta et al., 2002) causing toxicity to plants, 
microorganisms and invertebrates (Andreoni et al., 2004). They can also 
constitute a potential health risk, which increases with PAHs resistance to 
degradation (Thiele-Bruhn and Brummer, 2005; Eibes et al., 2006). 
2.1 POLYCYCLIC AROMATIC HYDROCARBONS 
 Polycyclic aromatic hydrocarbons (PAHs) contain fused aromatic rings 
and are of special concern due to toxic, carcinogenic properties and their 
widespread distribution (Harvey, 1998). PAHs are a heterogeneous group of 
organic contaminants emitted as a result of anthropogenic sources including road 
traffic and combustion of fossil fuels, but also from natural sources, i.e volcanic 
eruptions and forest fires. PAHs have been thoroughly studied due to their 
toxicity, persistency and environmental prevalence (Blumer, 2003).  Being 
hydrophobic in nature PAHs strongly bind to organic matter and sorption onto 
sediment can greatly prolong their lifetime in the environment (Kohl and Rice, 
1998). This is the reason for evidence of certain families of PAHs in ancient 
sediments, which were preserved over geological time-scales. 
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 2.1.1 Properties of PAHs 
 PAHs consist of fused benzene rings in linear or clustered arrangements 
containing carbon and hydrogen atom sometimes substituted by nitrogen, sulfur 
and oxygen atom in the benzene rings to form heterocyclic aromatic compounds. 
PAHs with high molecular weight have low solubility in water, but are highly 
lipophilic and vice versa (Mackay et al., 1992). Molecular structure of PAHs were 
presented in fig. 1. PAHs have the tendency to adsorb onto particles in the air and 
water as well, and can undergo photodecomposition when exposed to ultraviolet 
light. In the atmosphere, PAHs role in atmospheric chemistry is an additional 
issue because they react with many pollutants; including ozone, nitrogen oxides 
and sulfur dioxide, yielding diones, nitro- and dinitro- PAHs, and sulfonic acids, 
respectively. PAHs may also be degraded by some microorganisms in the soil 
(ATSDR, 1994).  
2.1.2 Sources of PAHs 
 PAHs enter into different environmental matrices through natural and 
anthropogenic sources. The former includes cosmic, endogenic geological and 
biological factors, while anthropogenic sources include aluminum production, 
creosote, cement, asphalt and the petrochemical industry (Belis et al., 2001, 
Kurteeva et al., 2006). PAHs are also generated during energy production, 
incomplete coal and trash combustion, and emissions from motor transport 
(Nikiforova and Alekseeva, 2002). These compounds can enter soil and also enter 
the water course during irrigation with contaminated waters (Labana et al., 2007).  
In general, PAHs can be subdivided into the groups mentioned in Table.1. 
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Fig.2.1. Molecular Structure of 16 PAHs US EPA classified as priority pollutants 
(ISPAC, 2003). 
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2.1.2.1 Cosmogenic sources of PAHs   
PAHs including benz[a]pyrene, benz[ghi]perylene, coronene, and 
anthracene are known to be widespread (Hudgins, 2011) in many cosmic objects 
(protoplanet clouds, comets, etc.). Li (2009) also found that naphthalene, 
phenanthrene, pyrene, and their substituted derivatives are frequently present in 
cosmic dust samples. Pyrenes and phenanthrenes are found in meteorites 
synthesized in a solar nebula are also synthesized from the pyrolysis of 
carbonaceous matter in the Earth‘s atmosphere. Another cosmogenic mechanism 
of PAH formation involves the impact of the solar wind on the carbonaceous 
surfaces of cosmic bodies (Tsibart and Gennediev, 2013).  
2.1.2.2 Petrogenic sources of PAHs 
 PAHs are synthesized from simple carbon compounds deep in the earth, 
enclosing rocks formed under the thermal effect. They are found in effusive rocks, 
hydrothermal systems, rift zones and in mineral oils (Renzi and Peirong, 1991). 
These compounds represent an intermediate link between monocyclic arenes, 
which constitute the major portion of aromatic oil compounds, and highly 
condensed resinousasphaltenic materials. Unburned oils contain naphthalene, 
acenaphthene, phenanthrene, chrysene, and benz[a]pyrene, as well as a relatively 
high portion of alkylated PAHs. Petrogenic PAHs enter into soil and landscapes 
during the weathering of hard rocks, from oil spills and from railroad ties treated 
with creosote (Kohler and Künniger, 2003, Tsibart and Gennediev, 2013). 
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Table 1: US EPA classified 16 priority pollutants and their properties 
PAHs 
Number 
of Rings 
Molecular 
weight 
Aquous 
solubility
(mg l
-1
) 
Vapour 
pressure 
(pa) 
Log 
Kow 
Naphthalene 2 128 31 11.86 3.37 
Acenaphthalene 3 152 16 0.500 3.93 
Acenaphthene 3 154 3.8 3.866 4.00 
Flourene 3 166 1.9 3.40 x 10
-3
 4.54 
Phenanthrene 3 178 1.1 9.07 x 10
-2
 4.57 
Anthracene 3 178 0.045 0.432 4.18 
Pyrene 4 202 0.13 1.08 x 10
-3
 5.22 
Fluoranthene 4 202 0.26 2.05 x 10
-5
 5.91 
Benzo[a]anthracene 4 228 0.011 1.04 x 10
-6
  
Chrysene 4 228 0.006 5.67 x 10
-4
 5.18 
Benzo[b]fluoranthene 5 252 0.0015 6.52 x 10
-7
 5.91 
Benzo[k]fluoranthene 5 252 0.0008 1.07 x 10
-5
 5.80 
Benzo[a]pyrene 5 252 0.0038 1.28 x 10
-8
 6.00 
Dibenzo[a,b]anthracene 6 278 0.0006 2.80 x 10
-9
 6.75 
Indeno[1,2,3-cd]pyrene 6 276 0.00019 1.33 x 10
-8
 6.50 
Benzo[ghi]perylene 6 276 0.00026 1.87 x 10
-8
 6.50 
 Source: Bojes and Pope, 2007. 
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2.1.2.3 Biogenic sources of PAHs 
 PAHs are present in the wax on the surface of leaves, insect cuticles, and 
microbial lipids (Labana et al., 2007). The wood of tropical forests has been found 
to contain naphthalenes, phenanthrene, and perylene (Wilcke, 2007; Tsibart and 
Gennediev, 2013). 
2.1.3 Environmental Fate of PAHs 
 Organic contaminants especially PAHs can be released into the 
environment via a range of industrial activities such as oil exploration (Rogge et 
al., 1997), timber treatments (Robinson and Anderson, 2007), coal processing 
(Chmielewski et al., 2003) and gas works (Cofield et al., 2008). PAHs are 
widespread due to their physico-chemical properties and are found in air, water, 
land and within biological systems (Gao and Zhou, 2004). The environmental 
behavior of PAHs indicates that transfer and turnover will be more rapid for Low 
Molecular Weight (LMW) PAHs than for the heavier PAHs (Wilson and Jones, 
1995).  The semi volatile nature of LMW PAHs means that they exist in the 
atmosphere partly as vapors and are therefore highly susceptible to atmospheric 
degradation processes. Similarly, in aqueous environments, the LMW PAHs are 
partly dissolved, making them highly available for various degradation processes. 
High Molecular Weight (HMW) PAHs, on the other hand, are primarily associated 
with particles in the atmosphere and water, and are therefore less available for 
degradation. Furthermore, PAHs adsorbed to particles may be transported over 
long distances in the atmosphere and are therefore ubiquitous in the environment 
(Wilson and Jones, 1993). 
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2.1.3.1 PAHs in the atmosphere  
 An atmosphere with a wide range of PAHs concentrations in urban areas is 
one pathway of many compounds into water, sediment, soil and biological 
resources. PAHs are present in the atmosphere in the gaseous phase or are 
associated with particulates; they tend to condense onto particles at temperatures 
below 150°C. The partitioning of PAHs into gas and particulate phases depends on 
vapor pressure of the specific PAH involved (Wania and Mackay, 1996). At 
ambient air temperatures, 2- to 4-ring PAH and 2-ring nitrated PAH compounds 
are the predominant PAHs in the gas phase, while PAH compounds with 5 or more 
rings and 4-ring nitrated PAHs are associated with particulates. The atmospheric 
profile is dominated by phenanthrene, fluoranthene and pyrene (Arey and 
Atkinson, 2003).  The atmospheric concentration of PAHs is usually higher in the 
winter (found in North America 3.7-450 ng m
-3
) because of combustion products 
from heating and reduced thermal- and photo-decomposition.  
2.1.3.2 PAHs in water  
 PAHs enter in water courses through atmospheric particulate matter 
deposition, runoff of polluted ground sources and pollution of river and lakes by 
industrial effluents, municipal wastewater discharge, and from oil spills. Because 
PAHs have low solubility and tend to adsorb to particulate matter, they are usually 
found in low concentrations in water bodies. Some PAH concentrations that have 
been measured in water include: marine waters with non detectable levels to 11 µg 
L
-1
, wastewater in North American and European municipalities with levels of <1 
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to 625 µg L
-1
 and urban runoff in the U.S. with levels of <0.05 to 560 µg L
-1 
(Latimer and Zheng, 2003).   
2.1.3.3 PAHs in sediment  
 PAH compounds tend to accumulate in sediments rather than in water 
(Juhasz and Naidu, 2000). Concentrations of PAH compounds in a particular 
sediment can range from µg kg
-1
 to g kg
-1
 levels, depending on the proximity of the 
area to PAH sources such as industries, municipalities, and on water currents. In 
North America, total PAH concentrations in marine sediments usually range from 
2.17-170,000 ng g
-1
 sediment (Latimer and Zheng, 2003). They are also influenced 
by air currents and affected by wind direction for movement.   
2.1.3.4 PAHs in soil  
 In soil most PAHs are strongly sorbed to organic matter, making them 
relatively unavailable for degradation (Wild and Jones, 1995). PAHs can remain in 
the soil for many centuries, posing a long-term threat to the environmentt, although 
LMW PAHs are partly lost through degradation, volatilization, and leaching. The 
effect of sorption generally increases as the number of benzene rings in the PAH-
molecule increases because this implies higher lipophilicity. The degradability and 
extractability of organic compounds in soil decreases with the time they have been 
in contact with soil: a phenomenon referred to as ‗aging‘ or ‗weathering‘ (Allard et 
al., 2000). The processes of sorption and aging limit, on one hand, the 
degradability of the contaminants. On the other hand, these processes reduce the 
toxicity of the soil contaminants, by lowering the fraction available for uptake by 
living organisms (Alexander, 1995). 
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 The major pathway of PAH loss in soil is degradation by microbial 
metabolism. The physical and chemical properties of the particular PAH 
compound being degraded will affect this process, as well as environmental factors 
such as soil temperature, moisture, pH, and oxygen concentration (Weissenfels et 
al., 1992). Wild and Jones (1993) reported some abiotic loss of LMW PAHs from 
soil by volatilization.  
2.1.3.5 PAHs in plants  
Polycyclic aromatic hydrocarbons accumulate in vegetation mainly through 
atmospheric deposition and uptake by above-ground parts of the plant. 
Concentrations of PAHs in plant tissue in non-industrialized regions range from 
50-80 μg kg-1 (Edwards, 1986), although specific plant tissue concentrations will 
depend on plant species, type of PAH, and environmental conditions (Salanitro et 
al., 1997). Vegetation in urban areas can have up to 10 times higher PAH levels 
than rural vegetation (Juhasz and Naidu, 2000).  
2.1.4 Soil Organic Matter Fractions 
Soil organic matter (SOM) is considered the most important factor 
controlling the fate and transport of hydrophobic organic contaminants (HOCs) in 
soils and sediments (Haung et al., 2003). Climate is the most important factor 
regulating soil organic matter (Alvarez and Lavado, 1998). Soil organic matter is 
degraded and fractionated into different organic fractions under the influence of 
different environmental factors and conditions i.e.; temperature, moisture, 
microbial activity and precipitation (Yamashita et al., 2006). Dai and Huang 
(2006) observed that SOM concentration in surface soils changes generally for the 
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zonal soils in China. Surface SOM concentration generally decreased with an 
increase of temperature, and was positively correlated with annual precipitation. 
Temperature rise promotes SOM degradation, resulting in the formation of the 
most important humic like organic fractions in the soil i.e. humic acid, fulvic acid 
and humins (Helfrich et al., 2006; Berthe et al., 2008).  
2.1.5 Sequestration of PAHs  
Organic matter content of soil is a major determinant of sequestration (Nam 
and Alexander, 1998). Sequestration occurs when PAHs are removed from 
bioavailable pools and stored for long periods. The time dependent decline in 
bioavailability, which is often been termed ‗‗aging,‘‘ relocates PAHs into long-
term storage without altering the overall structure. Sequestration processes include 
adsorption, in which removal of PAHs from bioavailable pools through interaction 
with soils and sediments due to the clay and organic matter content, clay type, and 
moisture, and diffusion, in which diffusion of PAHs into soil micropores makes the 
PAHs unavailable for microbial degradation due to the hydrophobic nature of 
micropores and the PAHs (Pierzynski et al., 2000). As a result of sequestration, the 
organic compounds become increasingly less available for further microbial 
degradation (Kelsey et al., 1997).  
Recent studies on PAH sequestration have found significant correlations 
between microbial biodegradability of sequestered hydrophobic contaminants and 
the organic carbon content of the soil in which the contaminant is present (Chung 
and Alexander, 2002), confirming the findings of the herbicide bioavailability 
studies that implicated OM content (or some parameter covariant with OM 
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content) as the primary determinant of sequestration. Extraction of soluble organic 
matter (HA and FA), leaving humin, increased the rate and extent of PAH 
sequestration in a model soil (White et al., 1999). Other workers have modeled 
sequestration of organic compounds in soil as a two-step process, with adsorption 
onto hydrophobic material at the surfaces of soil particles (primarily HA and FA) 
occurring first, and partitioning into pores, access to which is partially blocked by 
the HA/FA over layer, occurring later (Amellal et al., 2001); Most of these 
‗‗internal pores‘‘ are believed to be in the humin fraction of soil.  
Chaung and Alexander (2002) studied properties of different soils which 
include porosity, Cation-Exchange Capacity (CEC), surface area and clay 
mineralogy and the soils were also analyzed for phenanthrene and atrazine 
sequestration. Multiple linear-regression analysis suggested an interaction of 
organic C content with soil texture and CEC in determining the extent of atrazine 
or phenanthrene sequestration, and they concluded that organic C content and CEC 
are useful predictors of sequestration of some compounds. 
In a study of ten different soils, which were artificially contaminated with a 
mixture of four different PAH compounds fluorine, anthracene, pyrene and 
chrysene at the levels of 20 mg kg
-1
 of soil for each compound, the PAH content in 
the soils was monitored over180 days. Results showed that losses of PAHs were 
related to the properties of the compounds, the period of PAH/soil contact, and 
with soil characteristic (Kordybach, 2005). 
Six types of soils with an organic matter content ranging from 2.32 to 
24.28% were studied and analyzed for their physicochemical properties. Each soil 
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was spiked with coal tar and, after varying periods of sequestration was 
subsequently subjected to slurry-phase Fenton‘s reagent oxidation. The 
susceptibility of each PAH was strongly dependent on soil porosity for low-TOC 
soils. Porosity-mediated effects were more rapid and significant with lower-
molecular-weight PAHs than with higher-molecular-weight PAHs (Bogan and 
Trbovic, 2003). 
Ni et al. (2008) studied the distribution of 15 USEPA priority PAHs in soil 
light fractions (LF), heavy fractions (HF) and three additional organic matter 
fractions loosely combined humus (H1), stably combined humus (H2) and tightly 
combined humus (H3)) further separated from HF by fractionating the soil organo-
mineral complexes. The mass of the light fraction in soils was only 0.1–1.4% but 
the PAHs associated with the LF comprised 17.9–64.1% of the total PAHs in the 
soils. PAHs in soil heavy fractions were mainly associated with tightly combined 
humus, representing 80.8–92.7% of the total PAHs in heavy fractions. The content 
of PAHs in different soil organic matter fractions was significantly and positively 
correlated with their organic C content.  
The distribution of sorption of hydrophobic organic compounds (HOCs) is 
an important process for determining their fate and transport in soils. Sorption of 
phenanthrene, naphthalene and o-xylene were studied in a mineral soil. Aliphatic 
components of SOM contributed greatly to sorption of HOCs in soils (Chen et al., 
2007). Humic fractions were analyzed to examine the impact of SOM on the 
distribution of polycyclic aromatic hydrocarbons (PAHs) in soil fractions. The 
results indicated that 63.1% to 94.6% of PAHs were associated with the fulvic acid 
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(FA) fraction. Concentrations of un-extracted PAHs increased significantly with 
increasing soil organic matter (SOM) content. The results suggest that 
sequestration played a critical role in the accumulation of PAHs in soils. SOM also 
retarded the diffusion of PAHs into the humin fractions (Yang et al., 
2010).Vertical translocation of organic pollutants (PAHs) in soil was reduced by 
the presence of organic matter pool. PAH retention increased in the top layers, and 
it was enhanced by the addition of humic acid, while fulvic acid increased mobility 
of PAHs and favoured leaching (Petruzzelli et al., 2002). 
 Humin is a major fraction of soil organic matter and strongly affects the 
sorption behavior and fate of organic contaminants in soils and sediments (Wang 
and Xing, 2005). The study was carried out to assess the influence of 
physicochemical properties on PAH sequestration in sterile sewage sludge-
amended arable soil. Radiolabeled phenanthrene, pyrene, and benzo- [a]pyrene 
were spiked and aged for up to 525 days. Results showed that soil humin contained 
a significant quantity of soil OC (Northcott and Jones, 2001). 
Smith et al. (2006) said that in the aging process, extraction of PAHs is 
difficult through plants so living organisms in advantage to contact with the soil, as 
aged PAHs will be less accessible. The process of aging starts with sorbing of 
PAHs to HA, FA and Humin fractions of soil (Li and Liu, 2005). Soil-PAH contact 
time is important to the fate and transportation of PAHs in soil by causing slow 
desorption of organic contaminants leading to slow degradation by microbes. If 
PAHs age in the soil, there could be a decline in bioavailability with less effect on 
the amount of contaminants present in the soil (Hwang and Cutright, 2002). Low 
Total Petroleum Hydrocarbon (TPH) bioavailability and degradability are key 
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limiting factors that control the phytodegradation efficiency of petroleum 
contaminated soil. Humic acid could function as an enhancing agent in 
phytodegradation of soil contaminated with TPH (Park et al., 2011). Faster and 
effective cleanup of PAH-contaminated soils through bioremediation was reported 
when matured compost was used rather than with fresh organic amendments (Plaza 
et al., 2009). 
2.1.6 Effect of Diesel Contamination on Plant Growth 
The toxicity of low molecular weight Hydrocarbons (HC) is considered to 
inhibit plant growth and development. Furthermore, hydrophobic properties of 
HCs reduce the ability of plants and microorganisms to absorb water and nutrients 
from the soil (Kirk et al., 2005; Kechavarzi et al., 2007; Nie et al., 2011). Biomass 
and plant height of vetiver were reduced in the presence of heavy crude oil in soil 
(Brandt et al., 2006). Mezzarri et al. (2011) also reported that growth and biomass 
of Brachiaria decumbens and Penicellium notatum declined significantly when 
planted in diesel-oil contaminated soils. Due to the high aromatic content, the oil 
was considered medium to highly toxic to plants. An applied crude oil 
concentration of 5% (oil/soil) is a comparatively high level tolerated by plants. In 
general, a level of 1% of oil and grease in soil is acknowledged as a practical 
threshold above which Petroleum Hydrocarbon (PHC) becomes detrimental to 
plant life (Reis, 1996). However, different plants can tolerate different 
concentrations of PHC. For instance, the perennial forage crop alfalfa (Medicago 
sativa L.) demonstrated a significant reduction in biomass, even at 2% (oil/soil) 
(Wiltse et al., 1998) whereas Radwan et al.(1998) reported that the cultivated crop 
plant Vicia faba L. could tolerate up to 10% crude oil in soil. The negative effects 
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of diesel on plant development, especially on biomass, have been in many 
publications. For example, Kechavarzi et al. (2007) observed 8 % reduction in 
shoot biomass of Lolium perenne exposed to 0.025 g kg
-1
diesel contamination after 
52 days of treatment. Similarly, Palmroth et al. (2002) reported a 64 % loss in 
biomass in grasses exposed to 0.5 % diesel (2.5 g kg
-1
) after 50 days. 
2.1.7 Phytoremediation 
Phytoremediation involves the use of plants to extract, sequester, and/or detoxify 
hazardous organic and inorganic contaminants from soil, water and air (Pilon-
Smits, 2005; Sandhu et al., 2007; Ali et al., 2012; Kabra et al., 2012). In the 
process of phytoremediation organic compounds that exist in different chemical 
and structural forms need to be mineralized into non-toxic compounds such as 
CO2, NO
3-
 and NH4
+
 ions and also in the forms that plants and microbes directly 
uptake for nutrition (Meagher, 2000). Organic compounds are present in different 
structural and chemical forms and this affects the potential for the mechanism of 
remediation and in order for a successful phytoremediation, the compounds need to 
be in the forms that are readily available to microbes and plants (Parrish et al., 
2005).  In the process of phytoremediation, when plants absorb organic 
contaminants to their roots they showed different behavior on the basis of their 
structure, and the partitioning between roots and shoots (Alkorta and Garbisu, 
2001). They may be degraded, extracted, volatilized and stabilized depending upon 
the nature of the organic compound (Greipson, 2011), the external temperature and 
the growth of the plant (Kvesitadze et al., 2009). PAHs are the compounds which 
are less soluble in water due to their non-polar nature (Nazzal, 2007) and solubility 
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decreases as the MW increases (Werner, 2003) these PAHs become sorbed to the 
soil due to increasing hydrophobic (Neuhauser et al., 2006). The strongly sorbed 
PAHs are less bioavailable and biodegradable (Neuhauser et al., 2006). Cofield et 
al. (2008) found that with the presence of Festuca arundinacea and Panicum 
virgatum, total PAH concentration in the soil was reduced while the non-labile 
PAHs were unaffected. 
In recent years, non-aged PAH spiked soils have been used for 
phytoremediation studies (Olsen et al. 2007). The age of the contaminants in the 
soil limits their degradation potential (Rezek et al., 2008). Different kinds of plants 
especially the grasses and legumes have successfully remediated organic 
contaminants from soil. The major mechanism of PAH dissipation in vegetated soil 
is associated with the microbial activity in the rhizosphere (Lee et al. 2008). The 
grasses have been successful due to the short growth season and large fibrous root 
system that results in increased rhizospheric soil. The legumes have the ability to 
germinate under poor nutrient availability and are able to fix atmospheric nitrogen 
(Lee et al. 2008, Smith et al. 2006). Dzantor et al. (2000) showed that legumes like 
alfalfa (Medicago sativa), bush clover (Lespedeza cuneata), crown vetch 
(Coronilla varia), and flatpea (Lathyrus sylvestris) helped in pyrene dissipation in 
contaminated soils ranging from 51% for flatpea, 64-70% for bush clover and 80% 
for alfalfa and crown vetch. Phenanthrene and pyrene contamination were better 
removed by the help of legumes then grasses (Lee et al., 2008).  
According to Gao and Zhu (2004), there were significant differences in 
phenanthrene and pyrene accumulation in root and shoot of Glycine max, 
Capsicum annum, Phaseolus vulgaris, Solanum melongena, Lolium multiflorum, 
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Brassica parachinensis, Amaranthus tricolor, Ipomoea aquatica, Raphanus 
sativus, Brassica oleracea, Brassica chinenis and Spinacea oleracia. The uptake 
may be due to volatilized portion of contaminants from the soil as well as root to 
shoot translocation of contaminants. There is also evidence of removal of volatile 
organic compounds through volatilization, the presence of trees in naphthalene 
contaminated sites helped in direct volatilization of naphthalene to the atmosphere 
(Marr et al., 2006). 
 Plants have been used to remediate PAHs from soil over the previous few 
decades and it has been depicted as a promising approach to remediate soils 
contaminated with PAHs (Phillips et al., 2009). Tall fescue and switch grass 
removed 30–40% pyrene and anthracene from PAH contaminated soil (Kim et al., 
2004). Petroleum hydrocarbons removed from contaminated soil by the perennial 
rye grass (Lolium perenne) and alfalfa but perennial ryegrass is more efficient in 
the degradation of TPH (Kirk et al., 2005). Perennial ryegrass has been shown to 
remediate naphthalene, fluorene, acenaphthene, phenanthrene, anthracene, 
fluoranthene, pyrene, benz(a)anthracene, chrysene, benzo(b)fluoranthene from 
spiked soil and also from artificial coal-tar-contaminated soil (Smith et al., 2006 ).  
Vetiver grass (Vetiveria zizanioides) is a subtropical grass that has 
successfully removed polycyclic aromatic hydrocarbons (PAH) from the marine 
sediments (Paquin et al., 2002). Li et al. (2006) suggested the biodegradation of 
benzo[a]pyrene-like chemicals can be prompted by Vetiveria zizanioides. In this 
study a common grass species in Pakistan i.e. Vetiveria zizanioides, L. (Vetiver 
grass) was used to investigate their potential for diesel remediation from an 
artificially contaminated soil. Vetiver grass has successfully been shown to have 
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potential towards phytoremediation of PAHs from contaminated soils for over two 
decades (Srivastava et al., 2008).  
 A long-term phytoremediation study to evaluate the effect of maize and 
wheat on the microbial removal of hydrocarbons (1 % diesel/oil mix) was carried 
out. The presence of both maize and wheat in hydrocarbon contaminated soil led to 
a significant increase in the utilization of total petroleum hydrocarbon (TPH), from 
57 % in the control soil to 72 and 66 % in soil planted with maize and wheat, 
respectively (Shahsavari et al., 2013). Phenanthrene and pyrene accumulated in 
root cell walls and organelles of plants, with about 45% of PAHs in each of these 
two fractions and the other retained in the dissolved fraction of the cells. Because 
of its higher lipophilicity, pyrene displayed greater accumulation in subcellular 
walls and organelle than did phenanthrene. Initially, PAHs adsorb to plant cell 
walls and then gradually diffuse into subcellular fractions of tissues of plants 
(Kang et al., 2010). 
2.1.7.1 Microbially Assisted Phytoremediation: 
The interaction between plants and the consortium of microbes in the rhizosphere 
of soil plays an important role for the remediation of organic contaminants. 
Microrganisms degrade organic contaminants, which is enhanced in the presence 
of plants. PAHs degraded faster in soil grown with plants compared to unplanted 
soils (White et al. 2006). Bioremediation alone was ineffective for the remediation 
of dibenzo[ah] pyrene and benzo[a]pyrene  until the plant of Festuca arundinacea. 
It was showed that rate of degradation of PAHs improved during bioremediation in 
the presence of plants (Haung et al., 2004). 
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Phytoremediation influences the development of a specific bacterial 
community for the removal of pollutants (Chiellini et al., 2013) hence, increasing 
the rhizospheric effect of decontamination. There is a sequence of community 
changes post-planting with polluted sediment. As observed by Su and Yang 
(2009), the rhizospheric effect of rice roots significantly reduced the phenanthrene 
toxicity and enhanced the microbial community, which resulted in less pyrene 
concentrations in rhizospheric soils than in non-rhizospheric soils (Su and Yang, 
2009). Forest soil mixed with heavy fuel oil, showed elevated bacterial 16S rRNA 
gene diversity and higher MPN counts. The soil was dominated by two phyla, 
Acidobacteria and Proteobacteria, while Betaproteobacteria were clearly activated 
by the addition of oil. Directional succession of bacterial communities was unique 
to the oil treatments, as shown by the 16S rRNA gene community structure 
(Mukherjee et al., 2013). Kaksonen et al. (2006) also found that leguminous plants 
grown in oil contaminated soil can increase bacterial number which degrade m-
toluene. 
 Endophytic bacteria possessing both plant-growth-promoting and pollutant-
degrading activity can potentially be exploited to improve phytoremediation 
activity. Moreover, the application of a beneficial bacterium may influence the 
survival and colonization in different compartments of the plant and ultimately 
improve the efficiency of phytoremediation (Afzal et al., 2013). In regard to the 
application of plants for rhizodegradation, Italian ryegrass supported numerous 
degrading bacteria for efficient break-down of petroleum pollutants (Yousaf et al., 
2010). Afzal et al. (2011) observed that ryegrass and bacterial strains work 
  
25 
 
synergistically to enhance phytoremediation of hydrocarbons in diesel 
contaminated soil. 
 Beside the choice of the most suitable bacterial strains and the choice of an 
appropriate plant, phytoremediation of hydrocarbons is strongly influenced by soil 
characteristics such as the soil type, particle size distribution or the organic matter 
content. The soil type did not only affected plant growth but it also substantially 
influenced the microbial colonization and their activities (Afzal et al., 2011).  
One can concludes from all the reviewed studies that plants play an 
important role for the removal of polycyclic aromatic hydrocarbons from the diesel 
contaminated soil. Soil organic matter fractions are directly related to the 
sequestration of PAHs from the soil which makes them for the plants to take up 
and degrade these compounds. 
  
 
 
Chapter 3 
MATERIALS AND METHODS 
  A series of experiments were conducted to assess the potential effect of 
PAH uptake on plant growth, PAH sequestration by SOM fractions. 
3.1 SAMPLE COLLECTION 
Two different ssamples of uncontaminated soil were collected from the 
fields of Gujarkhan city (S1) which included in Guliana series and field area of 
department of environmental sciences, PMAS- arid agriculture university (S2) this 
site include in Rawalpindi series from 0 -15cm upper soil layer. The samples were 
ground, sieved to 2 mm pore size sieve and air dried. 
3.2 SOIL TEXTURE 
The Bouyoucos hydrometer method was used for the analysis of particle 
size distribution of soil. Percentage of sand, silt, and clay were calculated and then 
soil texture was analyzed by USDA system using soil texture triangle. The texture 
of soil (S1) was Silty clay loam and soil (S2) Sandy loam. 
EXPERIMENT 1 
The study was conducted in two seasons in which the first experiment was 
carried out during June – September. The following analyses were performed in 
each experiment. 
3.3 SOIL TREATMENTS 
Both soil types were divided into six treatments the detail of the treatments 
applied for the experimentation is given below: 
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T1:  Control  
T2: Soil mixed with 1% w/w fruits and vegetables compost 
T3: Soil spiked with 0.5% w/v diesel (PAH)  
T4: Soil spiked with 1% w/v diesel (PAH)   
T5: Soil spiked with 0.5% w/v diesel (PAH) and mixed with 1% w/w 
compost 
T6: Soil spiked with 1% w/v diesel (PAH) and mixed with 1% w/w 
compost 
The samples were stored in polythene bags for 15 days for aging (Park et al., 
2011). 
3.4 POT TRIALS FOR THE ASSESSMENT OF SEASONAL 
VARIATION ON PAH SEQUESTRATION 
Pot experiments were performed to assess the sequestration of PAH from 
diesel contaminated soil and the remediation of PAH from contaminated soil by 
plants. Two plant species were selected which include Vetiveria zizanioides L. 
(vetiver grass) (P1) and Lolium multiflorum Lam (rye grass) (P2). Vetiver grass 
and rye grass seedlings were collected from National Agriculture Research Center 
(NARC), Islamabad. Pot trials were performed in the greenhouse (ambient 
temperature) of the Department of Environmental Sciences, Pir Mehr Ali Shah 
Arid Agriculture University, Rawalpindi. Seedlings of both grasses were grown in 
pots of 5kg capacity.  
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For pot trials the seedlings of vetiver grass and rye grass were transplanted 
into pots after 15 days of spiking with diesel. In each pot, two seedlings of grass 
were grown and irrigation was provided when needed.  The pot trails were 
performed with three replications using a completely randomized design (CRD).  
Ambient light and temperature was provided to pots in the green house. The plants 
were harvested after four (04) months and plant growth parameters (root and shoot 
length, root and shoot fresh weight, root and shoot dry weight) were collected and 
analyzed statistically.  
3.5 PHYSICO-CHEMICAL ANALYSIS OF SOIL 
Soil samples were analyzed for physico-chemical parameters before 
spiking the soil with diesel, after 15 days of aging, before filling the pots and after 
harvesting of the plants. The variation in soil physico-chemical parameters was 
observed by following standard analytical procedures as described below: 
3.5.1 Soil Moisture (SM) 
Pre-weighed (10 g) soils were put in a petri plate, weighed again. Soils 
were dried at 105 
o
C for 24 hours in an oven to remove moisture contents. SM was 
calculated by gravimetric method using the following formula: 
Soil Moisture (%) =      Loss of weight in soil samples × 100 
                                                Weight of oven dried soil 
3.5.2 pH 
The pH of the soil was measured by pH meter (APHA, 2005). For this 
purpose, 10 gram of soil sample was diluted in 90 ml of water. The pH meter was 
calibrated by using buffer solutions of pH 4, 7 and 10 before analysing the 
samples. The model of the pH used was (BMS pH-200L).   
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3.5.3 Electrical Conductivity 
 Ten gram of soil was diluted in 90 ml of water in order to measure 
electrical conductivity. Electrical conductivity was calculated in micro semen (µS). 
An EC meter (DIST HI 98303 model) was used for the measurement of electrical 
conductivity (Muhammad et al., 2008). 
3.5.4 Organic Matter 
Soil organic matter (SOM) analyses were performed by the Walkley (1947) 
titration method. One gram of soil was used transferred to a conical flask and 10 
ml of 1N solution of potassium dichromate with 20 ml concentrated Sulphuric acid 
was added. The solution was shaken for 10 minutes and it was allowed to stand for 
10 minutes. 100 ml water and 10 ml concentrated orthophosphoric acid was added 
and solution allowed to cool. Then solution was titrated against freshly prepared 
0.5M ferrous ammonium sulphate by using Diphenylamnine indicator. Titrated 
until the colour changed from violet blue to light pink.  
3.5.5 Total Organic Carbon (TOC) 
Total organic carbon (TOC) was determined by using extraction and 
titration methods (Nelson and Sommers, 1982). Ten gram soil samples were 
extracted with 25 ml of 0.5 M K2SO4 at 250 rpm for 60 minutes using a rotatory 
shaker. After shaking, soil samples were centrifuged at 2000 rpm for 10 minutes 
followed by filtration through filter paper to obtain soil free filtrate. 4 ml of soil 
extract was transferred to 100 ml conical flasks for titration. 1 ml K2Cr2O7 and 5 
ml concentrated H2SO4 was added by continuously shaking. After cooling and 
adding 0.3 ml indicator, soil extract was titrated with acidified ferrous ammonium 
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sulphate solution. The color of solution was changed from green to red at the end 
point. Blank titrant was prepared as sample except for adding soil extract. 
TOC (%) calculated as: 
TOC (%) = {(A× M × 0.003)/g} × (E/S) × 100 
Where: 
A= Blank sample  
M= Molarity of Ferrous ammonium sulphate 
g= Soil used for extraction 
E= Extraction volume 
S= Sample volume 
3.5.6 Total Nitrogen    
Analysis of the total nitrogen was performed by method of Anderson and 
Ingram (1993). Nitrogen analysis of digestate requires complete digestion. For that 
purpose a digestion mixture was prepared by adding reagents in specific amount 
i.e. 0.42g selenium powder and 14 g Lithium sulphate to 350 ml 30% hydrogen 
peroxide. A further, 420 ml of conc. H2SO4 was added to the solution cooling in an 
ice bath. This digestion mixture remains stable for four weeks at 2
o
C. One gram of 
sample was taken into a digestion tube. 4.4 ml of digestion mixture was added and 
the sample digested at 360
o
C for 2 hours until the solution became colorless. After 
cooling, 50 ml double distilled water was added and volumetrically increased up to 
100 ml with water. Afterwards the solution was allowed to settle so that a clear 
solution could be taken for analysis. 
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After digestion the solution was ready for further analysis of nitrogen 
content. The NH4
+
-N Standard and two reagents (N1 and N2) were prepared.  For 
reagent N1, 34g of sodium salicylate, 25 g of sodium citrate, and 25g sodium 
tartrate were added together in about 750 ml water. Similarly reagent N2 was 
prepared by dissolving 30 g of NaOH in 750 ml water, after cooling the volume 
was increased to 1000 ml with water. Standard NH4
+
-N was prepared by adding 
4.714 g of dry ammonium sulphate in water and increasing the volume to 1000 ml 
in a volumetric flask. This provided 1000 µg/ml NH4
+
-N stock solution. The other 
working standards of 5,10, 15, 20 µg/ml and so on were prepared by dilution of 
stock solution. 
The colorimetric determination of sample was performed by taking 0.1 ml 
of digested sample and each standard into a test tube. Five ml Reagent N1 was 
added and left for 15 minutes. Next 5 ml Reagent N2 was added to the test tube 
and left for complete color development. Finally, standard and sample absorbance 
were noted at 655 nm in a spectrophotometer (BMS, Model VIS-1100, Taiwan). 
Solution concentration of sample was determined from a plot between absorbance 
against standard concentrations. Corrected concentration was measured by using 
following relation: 
 
Where, C = Corrected concentration,  
V = final digest or extract volume (ml),  
W = Weight of sample (g). 
 
Nitrogen %   =  C x V 
W 
x  0.0001 
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3.5.7  Microbial Biomass Nitrogen (MBN)  
Microbial biomass nitrogen was measured by modified method of rapid 
microwave (MW) irradiation and extraction method (Islam and Weil, 1988). Soil 
samples were divided into two sets of 10 gm of air dried soil. One set was exposed 
to 800 j/g energy in microwave (MW) oven. After microwaving (MW) and 
cooling, both microwaved (MW) and un-microwaved (UMW) soil samples were 
extracted by the method of Anderson and Ingram (1993) for extraction of total 
nitrogen. Spectrophotometer (BMS, Model VIS-1100, Taiwan) at 655nm was used 
for the analysis of nitrogen. Solution concentration of sample was determined from 
a plot of absorbance against standard concentrations. Using formula total nitrogen 
of both microwaved and un-microwaved samples were calculated. 
Microbial biomass nitrogen was calculated using following formula: 
MBN = (MW N – UMW N) × 1.46 
Where; 
MW N= Nitrate nitrogen measured in microwaved soil samples 
UMW N= Nitrate nitrogen measured in un-microwaved soil samples 
3.5.8 Microbial Biomass Carbon (MBC) 
Microbial biomass carbon was measured by modified method of rapid 
microwave [mw] irradiation and extraction method (Islam and Weil, 1988). 
The MBC was calculated as: 
MBC (mg C kg soil
-1
) = (MWCext- Cext) × 2.64 
3.6  SOIL ORGANIC MATTER (SOM) FRACTIONATION 
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Soil was fractioned into humic acid, fulvic acid, and humin by alkali 
method.  Ten g (dry wt) of each soil material was stirred for 24h with 100 ml of 0.1 
M NaOH. Samples were centrifuged (30 min at 2000 rpm). The supernatant 
(containing the HA and FA) were decanted.  To the residue (comprised of the 
humin fraction) 250ml of 6M HCl was added and kept for 24 hours at 50 °C. After 
digestion the content was centrifuged at 5000 rpm  and supernatant decanted and 
residue rinsed three times with 2 M HCl. The residue (deashed humin, DH) was 
rinsed with milli Q water until the washing solution had a pH of∼7 (Chen et al., 
2007).  
The soil suspensions containing humic acid and fulvic acid were transferred 
to 50 ml plastic tubes, centrifuged at 3000 rpm for 30 minutes, and filtered to get 
dark colored liquid extract. 20 ml of the liquid extract was taken and adjusted its 
pH at 2 and kept overnight at room temperature to facilitate the precipitation of the 
HA fraction. Tubes were then centrifuged at 2000 rpm for 10 minutes to separate 
FA and HA organic fractions. Both acidic fractions were separated by using 
ordinary filter paper. The precipitated HA was dissolved in 20 ml of 0.1 M NaOH 
and purified from silica and ash contents by repeated dissolution and precipitation. 
HA was preserved in small plastic bottles. FA was in liquid form and it was 
preserved as such in small plastic bottles (Bogan and Sullivan, 2003).  
For preparation of humic, fulvic acid, and humin standards sucrose solution 
was used for calculation because it is very close to soil organic matter or natural 
organic matter. Sucrose used to calculate 0, 50, 100, 200 and 500 ppm (equivalent 
to mg/kg) carbon standards solutions. The molecular weight of sucrose is 
(C12H22O11) = 342.29648 g (calculation: 12.0107*12 + 1.00794*22 + 
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15.9994*11). 1.1875 g of sucrose in a 1000-mL flask was dissolved with distilled 
water, and volume to the mark to yield the equivalent of 500 ppm C (mg/kg). 10, 
20 and 40-ml from the 500 ppm standard solution and placed into 100-mL flasks, 
the equivalent to 50, 100, and 200 ppm C (mg/kg) solution, respectively. 5-mL of 
the humic or fulvic acid and humin extract were placed in a flat bottom flask or 
beaker and amended with 1 to 2-mL 0.166-M K2Cr2O7 solution followed by 10-mL 
of concentrated H2SO4. The solution was heated in a water bath. After cooling, the 
volume was made to 20-mL with water. After an hour, the absorbance of the 
digested solution was measured at 590 nm by a spectrophotometer. 
 The same procedure was used for standards. Using the standard solutions 
absorbance, calculate the C content in humic and fulvic acid and humin solution 
was calculated. 
3.7 PAH EXTRACTION FROM SOIL 
Soil samples were analyzed for polycyclic aromatic hydrocarbons (PAHs) 
at the beginning and end of the pot trial. 
3.7.1 Preparation of Soil Samples for PAHs 
1 g soil samples were transferred into 100 ml Teflon tubes then mixed with 
5 ml of dichloromethane and each sample was extracted for 2 hr in a water bath at 
temperature of 38ºC. Then samples were centrifuged at 4000 rpm for 5 min to 
separate the supernatant from soil. 0.5 ml of extract was passed through a glass 
column containing 1 g silica gel wetted with hexane. The extract was eluted with a 
1 and 2 ml mix of n-hexane: dichloromethane (v/v 50:50) and the supernatant was 
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extracted for PAHs and dried by sparging with N2, Solid residues were re dissolved 
in 1 ml of acetonitrile (Li-hong et. al., 2006).  
3.7.2 Gas Chromatography- Mass Spectrometry (GC-MS) 
Gas chromatography- Mass spectrometry (GC-MS) was used for the 
analysis of 16 PAHs. An Agilent 5975C MSD (mass selective detector) linked to a 
7890A GC with an autosampler (7683B) was used. Separation was affected on a 
Zebron ZB5 fused silica capillary column (ZB-5MS, 30 m 0.25 mm i.d.0.25 mm 
film thickness, Phenomenex, Macclesfield, UK). For PAH, the temperature started 
at 70 °C for 3 min; it was then ramped at 5 °C/min to 250 °C and held for 1 min, 
ramped to 300 °C at 6 C/min and held for 6 min and finally ramped to 325 °C at 10 
°C/min and held for 5 min (Rhind et al., 2013). The standards of a 16 PAHs 
mixture were run on GC- MS and retention times were optimized with individual 
PAHs then samples were run on GC- MS.  
3.7.3 Quality Assurance 
Standard and sample recovery was maximized to ensure quality control. 
After every 10 samples, one standard and one duplicate sample were analyzed to 
validate the result of GC-MS analysis. 
3.8 PAH EXTRACTION FROM PLANT MATERIAL 
Plant material (root and shoot) was subjected to water bath extractions for 
20 min in ethyl acetate. Insoluble materials were removed by filtration through a 
membrane filter. The extracts were passed through silica gel packed column and 
the compounds on the silica gel column eluted with 250 ml of benzene. Elution 
was concentrated under reduced pressure, dried under nitrogen stream, and then 
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elutuent was re-dissolved in 1ml of acetonitrile for GC- MS analysis (Li-Hong et 
al., 2006, Rhind et al., 2013). 
EXPERIMENT 2 
 The same set of the above mentioned study was conducted in winter as a 
second experiment. Soil samples were divided into different treatments as 
explained in experiment 1. Soil samples were analyzed for physicochemical 
properties and PAHs concentration in start of experiment and after four month of 
pot experiment. PAHs concentration were also determined in root and shoot of 
plants after harvesting. Soil organic matter was fractionated into humic acid, fulvic 
acid and humin as followed by above mentioned method.  
EXPERIMENT 3 
A study was planned to assess the microbial community in the 
contaminated soil and the growth of vetiver grass on highly contaminated soil. 
Analysis of PAHs was also performed in soil and plant material as well.  
A pot trial was performed in a growth chamber at 25±1 ºC at the Department of 
Environmental Sciences, Pir Mehr Ali Shah Arid Agriculture University, 
Rawalpindi. Soil was collected from the field area of the department and also from 
the vicinity of automobile workshops (Aged soil). The soil was air dried, sieved 
(2mm 10-mesh) and divided into the following treatments. 
T1= Control soil 
T2= Control soil (with plant) 
T3= 2%  Diesel spiked soil (without plant) 
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T4= 2%  Diesel spiked soil (with plant) 
T5= Aged Diesel soil (without plant) 
T6= Aged Diesel soil (with plant) 
After spiking soil samples were stored in polythene bags for 15 days. Soil 
physico-chemical analysis was done before filling the pots. The pot trails were 
performed with three replications using a completely randomized design (CRD).  
Two kg soil was added to pots and vetiver grass seedlings planted. After two 
months grass was harvested and the growth parameters of plants were observed 
which included information regarding root and shoot length, root and shoot fresh 
and dry biomass. After harvesting soil physico-chemical analysis was performed. 
PAH extraction and analysis in soil and plant material (root and shoot) and organic 
matter fractionation was done as according to the procedures previously described. 
3.9 MICROBIAL COMMUNITY ANALYSIS 
Terminal Restriction fragment length polymorphism (TRFLP) method 
allows for the simultaneous analysis of the community composition of two or more 
microbial taxa.  The method can be applied to biological materials (in this case, 
soil, but could also be used for water or food) that are likely to contain microbial 
life (Singh et al., 2006). 
There are five parts to the TRFLP process which are as follows. 
3.9.1 DNA Extraction 
0.5g of soil added into a blue top lysing matrix tube.  0.5ml of CTAB 
buffer then 0.25ml of phenol and 0.25ml Chloroform/Isoamyl alcohol added to 
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each tube. Tubes were placed in Precellys and lysed for 2 x 15 seconds at the lower 
speed setting. The tubes were cooled on ice for 5 min after the final lysing step, 
and then centrifuged at 16,000 x g for 10 minutes. The top aqueous layer was 
extracted and transfer to a MaXtract tube. An equal volume of chloroform: Isoamyl 
alcohol was added and mixed well by inversion. The vial was centrifuged for 5-10 
minutes at 14000rpm. The top aqueous layer was carefully extracted to a new 
microfuge tube. The DNA was precipitated by adding two volumes of 30% PEG 
solution, and mixed well by inversion. The tubes were cooled on ice for 2 hours, 
then centrifuged at 14,000rpm for 20 minutes. The supernatant was aspirated and 
discarded and 1 ml of 70% ethanol was added to the pellet. The vial was 
centrifuged at 14000 rpm for ten minutes and this process repeated once. The final 
volume of ethanol was aspirated. The tubes were dried by placement in a hot-block 
at 55
o
C for 5-15 minutes.  30µl of nuclease free water was added to each tube and 
incubate at 55
o
C for 15 minutes. DNA tubes were stored at -20oC for the short 
term. The DNA samples were visually checked on an agarose gel, and quality 
checked and quantified using a Nanodrop (ND100) spectrophotometer. 
4.5g of Bioline Agarose powder was added to a 500ml Duran bottle. 
300mls of 1xTBE was added and swirled briefly. The lid on the Duran bottle was 
loosened and then the bottle heated in the microwave at a medium setting for four 
minutes and then one-minute intervals, removing the bottle and swirling until all 
the agar dissolved. An appropriate amount of ethidium bromide solution was added 
to the liquid agarose and swirled to mix. The gel was slowly poured into the gel 
tray. After 20-30 minutes the gel was placed in an appropriately sized tank, and the 
tank filled with 1 x TBE buffer until the level of the liquid was just above the gel.  
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One ul of sample + 4ul of loading buffer was loaded in to each well and 5ul of 
Hyperladder I was loaded on the gel. Running conditions for fragments of >200 
base pairs were 30-40 minutes at 80 volts (100V). A UV transilluminator with 
cabinet was used TO visualize gels. 
3.9.2 PCR 
A master mixture was prepared by adding 2ul 10x NH4 reaction Buffer,0.4 
ul BSA, 0.4 ul 100mM dNTP mix, 1.2 ul 50mM MgCl2 Solution, 0.2 ul 63 forward 
primer, 0.2 ul 1087 reverse primer and 13.4 ul nuclease free water in a master mix  
tube for 28 samples of soil, gently mixed, and spun briefly in the centrifuge. 28× 
0.2 ul Taq polymerase was added in master mix tube and mixed by inversion. 18 ul 
of master mix was added in each PCR tube and 2ul of DNA was added to each 
PCR tube.  The samples were centrifuged to collect all the liquid at the bottom and 
then placed in a thermal cycler.  
Thermocycling conditions used were: initial denaturation at 95 °C for 10 
mins followed by 40 cycles of denaturaion at 94 °C for 30 sec, primer annealing at 
55 °C for 30 sec, elongation at 72°C for 36 sec, and final elongation step at 75°C 
for 10 min.  
To visualise PCR Product a 1% agarose gel was run and the UV 
transilluminator used to ensure that there was no contamination and that all 
samples have worked.   
3.9.3 Clean up PCR Product 
Purification of PCR products was done by NucleoSpin® Gel and PCR 
Clean-up kit (Millipore).  
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3.9.4 Quantify DNA 
A 1% agarose gel was loaded with 1μl DNA template + 4μl 2 x loading 
buffer per lane and 5μl hyperladder 1 in a separate lane. The quantity of DNA was 
estimated in each sample by comparing to the DNA marker. 
3.9.5 Restriction Enzyme Digest 
In the restriction enzyme digestion the enzyme Hha 1 was use used. In the 
reaction mixture of 20 ul, 2 ul of enzyme (Hha 1), 0.2 ul of BSA (100x), 2 ul of 
10xbuffer were added in each sample. DNA was added according to the 
concentration which was estimated in the gel. The final volume has made up by 
addition of distilled water. Two controls were also prepared one was a reaction 
mixture without enzyme and the second control lacked template DNA (negative 
control). After mixing well, the digestion mixture was incubated on the thermo 
cycler. The conditions for digestion in thermo cycler are as followed; 37
o
C 3hrs, 
95
o
C 10mins and 10
o
C hold 
3.9.6 Fragment Analysis 
An applied Biosystems 3130xl Genetic Analyzer was used for fragment 
analysis of DNA. After digestion, 2μl of each digested sample were aliquoted into 
a 96-well ‗skirted‘ plate (compatible with the 3130xl plate deck). A mixture of 
Formamide and internal size standard (LIZ) was added to each sample and 
Samples were run on the Applied Biosystems 3130xl Genetic Analyzer.  
3.9.7 Data Analysis 
After fragment analysis the exported data from the genetic analyzer was 
analyzed by GeneMapper® Software.  
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3.10 STATISTICAL ANALYSIS  
Descriptive statistics were performed for physico-chemical charcateristics 
and plant growth parameters. The statistical significance at 5% level of 
significance of PAH uptake by plant biomass (root and shoot biomass) was 
identified by two factor analysis of variance among different treatments. Least 
significance difference (LSD) test was performed to compare the plant growth 
parameters (root and shoot length, root and shoot biomass) between the treatments. 
ANOVA and LSD was performed for ccomparison of soil organic matter fractions 
with treatments in both soil types. Ssequestration potential of PAHs by different 
SOM fractions was assessed by correlation. 
 
  
 
 
Chapter 4 
RESULTS 
Two different types of soil were collected and used for experiments. Both 
types soils were analyzed for physicochemical analysis. Soil physical properties 
are in Table 4.1. The texture of soil from Gujjar Khan (S1) was a silt clay loam 
with 10% sand, 55% silt and 35% clay content. Soil S1 is yellowish in colour, had 
moisture and bulk density of 30.2% and 1.32 g cm
-3
. Soil S2 was collected from 
the field area of the department of environmental sciences, PMAS- Arid 
agriculture university, Rawalpindi and it had  texture of a sandy loam with 72.5% 
sand, 2.5% silt and 25% clay and brown in color. The percentage of soil moisture 
was 22.1% and the bulk density was1.44 g cm
-3
 (Table 4.1).  
Experiment 1 
4.1 SOIL ANALYSIS 
Variation was observed in soil parameters spiked with diesel containing 
mixture of PAHs and amended by compost with varying concentrations. 
Comparative differences were observed in all chemical properties of soil at the 
start and the end of four months of experiment.  
4.1.1 pH  
Figure 4.1 represents the soil pH variation among different treatments in 
contrasting soil samples. After two weeks of spiking the soil the pH ranged from 
6.9 ± 0.1 to 7.4 ±0.1 in soil S1 with vetiver (P1) planted in pots and after four 
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months the pH range shows decreasing trend from 6.6 ± 0.1 to 6.9 ± 0.2 (fig 4.1a). 
At the start of the pot experiment with rye grass, (P2) soil (S1) showed pH ranging 
from 6.9 ± 0.1 to 7.4 ± 0.1. After four months the pH ranged from 6.6 ± 0.1 to 6.9 
± 0.1(fig.4. 1b). There was a decreasing trend of pH in all treatments from the start 
to the end of the experiments. pH ranged from 6.8 ±0.05 to 7.2 ± 0.05 in the the 
control pot and in the different treatments of soil (S2) spiked with diesel and 
compost amendments at start of the pot experiment (P1 and P2). After 16 weeks 
the pH showed a decreasing trend where the soil which was spiked with diesel had 
lower pH as compared to others. Also in diesel contaminated soil pH decreased 
significantly. pH range after 4 months of experiment shows 6.5 ± 0.05 to 6.9 ± 
0.09. Comparison between pH values after two weeks of spiking and after 16 
weeks of pot experiment was shown in Fig 4.1(c and d) for rye grass.  
4.1.2 Electrical Conductivity (EC) 
The results for variation in electrical conductivity of soils (S1 and S2) after 
application of various diesel concentrations and compost amendments is in fig. 4.2. 
All the concentration of diesel containing PAHs showed a decreasing trend in EC 
values during 4 months of experiments. There was a significant difference in EC 
values in different treatments during whole duration of experiments.  Initially the 
maximum value of EC (214.7 ± 4.6 µS cm
-1
) was shown by soil amended with 
compost (T2) whereas the lowest EC (195.2 ±5.3 µS cm
-1
) was seen T3 and T4 
where soil was spiked with 1 and 2 % diesel. The EC values decreased and finally 
after 4 months the lowest EC values was 145 ± 4.7 µS cm
-1 
, shown in T3 and 
comparatively maximum EC values observed in T2 and T5, but these are 
significantly lower then the initial values (Fig 4.2 a). Fig 4.2b shows that there was  
  
44 
 
Table 4.1: Basic characteristics of soil samples. 
Parameters Soil 1 (Gujarkhan) Soil 2 (Rawalpindi) 
Sand (%) 10 72.5 
Silt (%) 55 2.5 
Clay (%) 35 25 
Soil texture Silty Clay loam Sandy loam 
Colour Yellow Brown 
Bulk density (g cm
-3
) 1.32 1.44 
Soil moisture (%) 30.2 22.1 
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Fig 4.1: Soil pH variation among different treatments in contrasting soil samples 
(a: S1P1; b: S1P2; c: S2P1; d: S2P2). S1: soil from Gujar khan (silty clay loam); 
S2: soil from Rawalpindi (sandy loam); P1:  vetiver grass; P2: rye Grass, T1: 0% 
compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel 
(PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 1% compost 
  
5
5.5
6
6.5
7
7.5
8
T1 T2 T3 T4 T5 T6
p
H
 
Treatments 
Initial Final
5
5.5
6
6.5
7
7.5
8
T1 T2 T3 T4 T5 T6
p
H
 
Treatments 
Initial Final
5
5.5
6
6.5
7
7.5
8
T1 T2 T3 T4 T5 T6
p
H
 
Treatments 
Initial Final
5
5.5
6
6.5
7
7.5
8
T1 T2 T3 T4 T5 T6
p
H
 
Treatments 
Initial Final
a b 
c d 
  
46 
 
.   
 
 
  
Fig 4.2: Effect of different soil treatments on the electrical conductivity in 
contrasting soil samples (a: S1P1; b: S1P2; c: S2P1; d: S2P2). S1: soil from Gujar 
khan (silty clay loam); S2: soil from Rawalpindi (sandy loam); P1:  vetiver grass; 
P2: rye Grass, T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel 
(PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 
1% compost 
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a decreasing trend of EC values in all treatments from the start to the end of the 
experiments but in the T2 treated soil the maximum values (214.7 ± 4.6 µS cm
-1
) 
were recorded after four months of the experiment.  The soil which was amended 
with compost, T3 and T4 showed the lowest EC (149 ± 4.3 µS cm
-1
 and 147± 5.6 
µS cm
-1 
respectively) values compared to other treatments. Recorded EC (µs cm
-1
) 
in different treatments of soil after two weeks and after 16 weeks of experiment are 
presented in Fig 4.2 (b and c).  
4.1.3 Organic Matter (OM) 
Compost amendments and diesel addition to soil represented obvious influenced 
the Organic Matter (OM) content. Figure 4.3 a showed initially that the 
concentration of OM in the different treatments of soils were 1.18 ± 0.07% to 1.3 ± 
0.04%, but after four months of the pot experiment the OM showed different 
values in all of the treatments.  It showed variable trends in T1, T3 and T4, and 
their values decreased, but treatments T2, T5 and T6 showed an increasing trend as 
it was amended with compost. The similar trend was also observed in Fig 3b. The 
organic matter content of the soil (S2) samples at the start of experiment was 
observed to be 1.2% and its amount varied in different treatments of soil spiked 
with diesel and compost amendments, varying from 1.18 ± 0.06 % to 1.79 ± 0.09% 
after two weeks of applying the treatments. The treatments (T2) which were 
amended with compost showed higher amount of organic matter.  After 4 months 
of experimentation (P1) the amount of organic matter in the different treatments 
showed an increasing trend. Organic matter content increases in the soil which was 
amended with compost T5 (2.08 ± 0.09 %) and in the soil which was only spiked 
with diesel showed a decreasing trend T4 (0.78 ± 0.07) (Fig 4.3c) 
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Organic matter concentration showed different trends from the start to the end of 
the experiment between different treatments as addition of compost. In soil (S2) 
planted with Rye grass (P2) the treatment showed a decreasing trend of OM 
content in the soil treatment  (T4) only spiked with 1% diesel (0.85 ± 0.04%) as 
compared to the soil amended with compost T2 (2.17 ± 0.03). The highest content 
of OM was observed in the treatment T2 in which the soil was only amended with 
1% compost (Fig 4.3d).   
4.1.4 Total Organic Carbon (TOC) 
Total organic carbon (TOC) concentration is presented in Fig 4.4. At the 
start of the experiment the TOC content ranged from 0.68 ± 0.04 to 0.75 ± 0.02%. 
After four months of the experiment the TOC content varied in each treatment. 
Treatments T3 and T4 showed a decreasing trend while T2, T5 and T6 (compost 
amendments) showed an increase in TOC content (0.93 ± 0.04, 0.94 ± 0.01 and 
0.99 ± 0.04 respectively) fig.4.4a. Figure 4.4b shows that there was different in 
initial and final concentrations of TOC in any treatments. At the start of 
experiment there was no significant difference between the values of TOC in all 
treatments but after four months of experiments the effect of diesel and compost 
amendments showed variation in TOC values. All the treatments amended with 
compost showed significantly higher content of TOC because of utilization of the 
carbon source from the added compost. After two weeks of    Diesel spiking total 
organic carbon was lower in the control which is 0.68 ± 0.04 and higher in T5 in 
which soil was spiked with 0.5% diesel and compost as well.  There were varying 
degrees of increase in organic carbon in each of the treatment compared to the 
control with the least organic carbon, with concentration having an organic carbon  
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Fig 4.3: Soil organic matter content among different treatments in contrasting soil 
samples (a: S1P1; b: S1P2; c: S2P1; d: S2P2). S1: soil from Gujar khan (silty clay 
loam); S2: soil from Rawalpindi (sandy loam); P1:  vetiver grass; P2: rye Grass, 
T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 
1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 1% compost 
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Fig 4.4: Soil total organic carbon (TOC) variation among different treatments in 
contrasting soil samples (a: S1P1; b: S1P2; c: S2P1; d: S2P2). S1: soil from Gujar 
khan (silty clay loam); S2: soil from Rawalpindi (sandy loam); P1:  vetiver grass; 
P2: rye Grass, T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel 
(PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 
1% compost 
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content of 1.20 ±0.05%. The increase in organic C in the treated soil may be due to 
presence of hydrocarbon used in treating the soil. After four months of the 
experiment, the highest amount of TOC observed in soil T5, which soil was spiked 
with 0.5 % diesel and compost (Fig. 4.4c).  Soil (S2) planted with rye grass (P2) 
after four months showed higher TOC content in T2 in which soil was amended 
with compost then followed by T5 and then T6 which was spiked with diesel and 
amended with compost. After four months of experiments, the content of organic 
carbon increased while the other treatments showed lower content because plants 
uptake carbon sources from soil (Fig. 4.4d). 
4.1.5 Total Nitrogen (TN):  
Total nitrogen represents the amount of organic and inorganic forms of 
nitrogen in soil (Fig. 4.5). Total nitrogen at the start of experiment was 0.6± 0.04 to 
0.70 ± 0.02 g kg
-1
 in all treatments.  After four months of the experiment the total 
nitrogen decreased in all treatments and was lowest in T4 in which soil was spiked 
with diesel and its value was observed as 0.34 ± 0.02 g kg
-1
. In Fig 4.5b the soil 
(S2) showed the decrease in values from initial to final in all treatments. 
Treatments T3 and T4 showed lowest TN values compared to others. In both these 
treatments soil was spiked with different concentrations of diesel. In soil (S2) 
which was planted with vetiver grass, there was a decrease in total nitrogen content 
after four months of experiment. Different treatments showed variable trends in 
which compost was added they showed comparatively high TN content compared 
to the control and other treatments in  which diesel was spiked (Fig. 4.5c). There is 
increased total nitrogen in the soil as the level of diesel oil increases and also by 
the addition of compost. After 2 weeks of spiking total nitrogen count was high in 
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treatments having compost amendments 0.74 ± 0.04 g kg
-1
 (T6). After four months 
of spiking amount of total nitrogen decreased as compared with the start and after 
two weeks data. Lowering of nitrogen may be due to mineralization and then 
uptake by plants (Fig. 4.5 d).  
4.1.6 Microbial Biomass Nitrogen (MBN) 
The microbial biomass nitrogen (MBN) in two different types of soils (S1 
and S2) is shown in Figure 4.6. The results at the start and after four months of the 
experiment, presented in fig 4.6 (a and b) showing that the soil S1 showed a higher 
MBN content at the initial stages and finally content decreased observed in all the 
treatments.  MBN content after 4 months of the pot trial showed the higher value in 
T2 and the lowest value in T4 and T6. In both these treatments soil was spiked 
with high percentage of diesel (Fig.4.6c). The treatment MBN in S2 with Rye grass 
showed decreased in final amount as compared to the initial content (Fig. 4.6d). 
 4.1.7 Microbial Biomass Carbon (MBC) 
Microbial biomass carbon was significantly influenced by compost 
amendments and diesel spiking. After two weeks of spiking the soil S1 showed 1.8 
to 2.2% MBC in all treatments. After four months of the experiment the MBC 
content was decreased in all treatments simultaneously while treatments that were 
amended with compost have relatively higher MBC content as compared to control 
and diesel spiked treatments (Fig. 4.7a). MBC content in soil S1 planted with Rye 
grass showed a decreased amount after four months of the experiment. The MBC 
content was significantly decreased in all treatments as compared to their initial 
treatments. Treatment T2 showed a higher concentration of MBC as compared to 
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Fig 4.5: Total nitrogen (TN) variation among different treatments in contrasting 
soil samples (a: S1P1; b: S1P2; c: S2P1; d: S2P2). S1: soil from Gujar khan (silty 
clay loam); S2: soil from Rawalpindi (sandy loam); P1:  vetiver grass; P2: rye 
Grass, T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); 
T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 1% 
compost 
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other treatments, as shown in Fig. 4.7b. The S2 treated soils showed a higher 
microbial biomass carbon content as compared to the S1 treated soils as in this soil 
treatment the microbial activity may be increased. At the start of the experiment 
the S2 showed MBC concentration from 1.3 to 3.4% and after four months its 
amount decreased as plants were planted their and microbial activity was increased 
which mineralized more compost and carbon content was uptake by plants and its 
amounts were decreased significantly. Lower MBC was observed in T4 (0.47 ± 
0.05) in which 1% diesel was spiked (Fig. 4.7c). After four months (16 weeks) of 
pot experiment T1 and T2 had higher MBC content as compared to other 
treatments of soil spiked with diesel while T4 showed the lowest value of MBC 
0.46 ± 0.04 (Fig. 4.7d). 
4.2 POT EXPERIMENT 
 
Study 1 corresponds to the effect of PAHs on the plants. Two different 
types of soils (S1 and S2) were treated with different treatments of diesel and 
compost prior to filling the pots. The soil physicochemical characteristics, soil 
organic matter fractions (humic acid, fulvic acid and humin) and the concentration 
of polycyclic aromatic hydrocarbons (16 PAHs) were studied and then in each soil 
two different types of grasses were planted.  Experiments were conducted for four 
months (16 weeks). After 4 months all the above mentioned analysis was 
performed. In addition,   the PAHs in the roots and shoots of plants were studied. 
4.2.1.1 Root length 
At the beginning of the greenhouse studies, all plants had a shoot height of 
10 cm and total root length was 8cm. As the experiment progressed, the plants  
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Fig. 4.6: Microbial biomass nitrogen (MBN) variation among different treatments 
in contrasting soil samples (a: S1P1; b: S1P2; c: S2P1; d: S2P2). S1: soil from 
Gujar khan (silty clay loam); S2: soil from Rawalpindi (sandy loam); P1:  vetiver 
grass; P2: rye Grass, T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% 
diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% 
diesel + 1% compost 
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Fig. 4.7: Microbial biomass carbon (MBC) variation among different treatments in 
contrasting soil samples (a: S1P1; b: S1P2; c: S2P1; d: S2P2). S1: soil from Gujar 
khan (silty clay loam); S2: soil from Rawalpindi (sandy loam); P1:  vetiver grass; 
P2: rye Grass, T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel 
(PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 
1% compost 
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the plants growth and biomass increased in all treatments. However, differences 
between control and spiked soils were clearly evident throughout the study. 
Generally, plants grown in the contaminated soil were slower in growth than those 
grown in the uncontaminated soil.  
The effect of different concentrations of diesel containing PAHs on total 
root length of vetiver grass in soil collected from Gujar khan (S1) are presented in 
Table 4.2. Treatments in which soil was amended with compost alone T2 
(90.5±4.5 cm) showed 31% increase in root length compared to the control 62.0 ± 
4.2 cm (T1). Soil treated with 1% diesel alone (T4) (39.5±4.0 cm) showed 56% 
decrease in root length compared to the control. Treatments (T5 and T6) in which 
soil was spiked with diesel and also amended with compost showed an increase in 
root length compared to diesel treated soil without compost (T3 and T4). 
 The effect of different treatments of diesel in soil from Rawalapindi (S2) 
showed (on the root length of vetiver grass in T2), where soil was amended with 
1% diesel, the highest root growth which was 10% higher than the control (T1) and 
significantly different from the other treatments Table 4.2. A decrease of 50% was 
observed in the root lengths of plants grown in T4 (spiked with 1% diesel) and a 
60% less was observed in T6 soil (Spiked with 1% diesel and 1% compost).  The 
shoot length of vetiver grass was also affected by the concentration of diesel which 
contains PAHs as presented   (Tab. 4.2). In soil (S1), the root length of vetiver 
grass in T4 was 39% less than the control soil. In soil (S2) the maximum root 
length was recorded for plants grown in soil amended with compost (T2), where 
the increase was 8.3% higher than the control (Tab. 4.2).  
Table 4.3 shows the growth performance of rye grass (P2) in soil S1 and 
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soil S2 with different concentrations of diesel that contain polycyclic aromatic 
hydrocarbons (PAHs). In soil (S1) the root length of rye grass was increased by 
21% in T2 compared to the control in this soil treatment which was amended with 
compost, thus providing additional nutrition for plant growth, which was increased. 
All other treatments showed a decrease in root length of rye grass compared to the 
control. In soil (S2) the root length of rye grass was 60% less in control as 
compared to T2.  The root growth in other diesel contaminated treatments was also 
reduced significantly. Treatments T3 (39.5± 3.60cm) and T4 (32.66± 5.20 cm) 
showed decreased in root length of Rye grass after four months of pot experiment 
4.2.1.2 Shoot length 
There was a decrease in shoot length in the other treatments except T2 
ranging from 18- 40% (T4) in comparison to the control. The increase observed in 
T2 soils was probably due to nutrients being released from the added compost 
amendments. Shoot height of rye grass in different treatments of diesel 
contaminated soil (S1) affected by contamination of diesel containing PAHs. Shoot 
height was lower in T4 compared to the other diesel contaminated treatments, 
while in T6 with the same concentration of diesel  so the  addition of compost with 
diesel, resulted in soil shoot growth that was increased compared to T4 (Tab 4.3). 
On the other hand the soil collected from Rawalpindi (S2) showed that the shoot 
height of Rye grass was reduced 76% in soil that contained high concentrations of 
diesel compared to control and the soil treatment which was amended with 
compost also showed an increase in shoot height of Rye grass. 
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4.2.1.3 Total biomass 
 Total biomass, reported as total root and shoot dry weight per greenhouse 
pot, increased in all treatments over the course of experiment. Root biomass of 
vetiver grass was analyzed at different treatments of diesel in soil (S1) in the 
experiment after 4 months. There was a high increase in the root biomass of T2 
compared to the control (T1). Maximum root biomass was lower in T4 followed by 
T3 compared to the control treatment in which the soil was spiked with a high 
concentration of diesel.  In soil (S1) the shoot biomass of all the diesel 
contaminated treatments showed significant decreases in biomass as compared to 
in the control soil and the other treatments of compost amendments. In soil (S2), as 
expected, the yields were lower in the diesel contaminated soil than in the 
uncontaminated soil and also in soil amended with compost, and the differences 
were significant during the whole experiment. Vetiver grass showed a significant 
linear decrease of root dry biomass as a function of diesel concentrations (Table 
4.2). Compared to the control plants, root dry matter of vetiver was reduced by 
23% and 34 % at the high level diesel added (0.5 and 1 % diesel spiking) 
respectively. Root dry biomass was reduced only 7% and 3% in T5 and T6 
respectively in which compost was present. Shoot dry biomass of vetiver grass was 
reduced by 35% and 42% when exposed to a diesel concentration of 0.5 % and 1 % 
diesel spiking after 4 months of experiment (Table 4) respectively, but shoot dry 
weight in T5 and T6 reduced by 29% and 39% as compared to the control, but 
growth of vetiver grass in T5 and T6 was better than in T3 and T4.  
Root and shoot biomass of rye grass showed a lower biomass in the diesel 
contaminated treatments as compared to in the control soil collected from 
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Gujarkhan (S1). Root biomass of rye grass in T4 was reduced 50 times as 
compared to control in soil collected from Rawalpindi (S2) and the shoot biomass 
of rye grass was reduced in T3 two-fold compared to the control followed by T4 
treatment (Table 4.3).  
4.3: Soil Organic Matter Fractions 
Table 4.4 shows the soil organic matter fractions in both type of soils (S1 
and S2) in which Vetiveria zizanioides (P1) was grown. Mean Humic Acid (HA) 
acid content in S1 was higher in treatment (T3) in which was soil was spiked with 
diesel and significantly lower HA content was observed in T4 (239 ± 4.0 mg kg
-1
) 
and T6 (252 ± 5.2 mg kg
-1
) in which soil was spiked with 1% diesel and the soil 
spiked with diesel was also amended with 1% compost (T6). Mean values of 
Fulvic acid in S1 showed significantly lower concentration T5 and T6 in these 
treatments soil was spiked with diesel, and amended with compost (77 ± 4.3 and 
80 ± 4.0 mg kg
-1
) respectively. Humin content was observed to be high in 
concentration compared to the other two fractions (HA and FA) in all treatments. 
About 10 to 21 % FA acid fraction is present in all treatments while the 
concentrations of other fractions are higher. In S2 soil HA showed the lowest value 
in T3 (159 ± 5.2 mg kg
-1
) in which soil was spiked with 0.5% diesel and it is 
significantly different from T5 (378 ± 5.7 mg kg
-1
) in which soil was spiked with 
0.5% diesel and amended with 1% compost. FA content was also observed in 
lower concentration in T3. Humin content was observed higher in S2 as compared 
to S1 in all treatments. 
Table 4.5 shows the soil organic matter fraction concentration in both type
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Table  4.2: Effect of varying diesel concentration on the growth of vetiver grass 
(P1) in different soil types.  
Treatments 
Root Length 
 (cm) 
Shoot Length 
 (cm) 
Root Biomass  
(g plant
-1
) 
Shoot Biomass  
(g plant
-1
) 
S1 S2 S1 S2 S1 S2 S1 S2 
T1 62.0b 77.7a 71.1b 94.7a 8.1b 7.8a 4.6b 4.8b 
T2 90.5a 85.8a 83.7a 101.4a 11.8a 8.0a 7.0a 5.2a 
T3 48.5c 50c 56.9cd 71.1c 5.0cd 5.4c 3.5c 3.2c 
T4 39.5d 37.5d 50.8d 58.6d 4.2d 4.7d 2.9d 2.8d 
T5 60.1b 60.6b 73.2b 83.1b 5.3c 6.6b 3.4c 3.4c 
T6 45.0c 48.3cd 66.6bc 75.6bc 5.5c 7.8a 3.2cd 3.1cd 
S1: soil from Gujar khan (silty clay loam); S2: soil from Rawalpindi (sandy loam); P1:  vetiver 
grass; P2: rye Grass, T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); 
T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 1% compost 
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Table 4.3: Growth behavior of rye grass in two different soils with varying diesel 
concentrations  
S1: soil from Gujar khan (silty clay loam); S2: soil from Rawalpindi (sandy loam); 
P1:  vetiver grass; P2: rye Grass, T1: 0% compost and 0% diesel; T2: 1% 
Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% 
compost; T6: 1% diesel + 1% compost 
 
 
 
 
 
Treatments 
Root Length  
(cm) 
Shoot Length  
(cm) 
Root Biomass   
(g plant
-1
)  
Shoot Biomass  
 (g plant
-1
) 
S1 S2 S1 S2 S1 S2 S1 S2 
T1 55.5b 53.6b 62.0b 66.3b 3.1a 2.5b 3.6a 2.6b 
T2 67.2a 86.1a 70.4a 89.6a 3.2a 3.0a 3.8a 4.1a 
T3 39.6cd 39.5cd 57.1c 46.6d 2.3d 1.3d 2.9c 1.2d 
T4 30.6e 32.6d 51.6d 37.6e 2.0e 1.2d 1.6e 1.5cd 
T5 43.9c 51.1bc 59.3bc 58.6c 2.5cd 2.4b 3.3b 2.6b 
T6 37.4de 43.6c 56.5c 52.0cd 2.8b 2.1c 2.1d 1.8c 
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of soil with rye grass. HA had higher concentration in treatments in which soil was 
amended with compost and they were significantly different from other treatments 
diesel and the control as well.  FA content had lower in concentration in T3 in 
which soil was spiked with 0.5% diesel. Humin content was observed higher in all 
treatments as compared to HA and FA contents. In soil S2 which was collected 
from Rawalpindi, HA and FA were higher in all treatments that were amended 
with compost as compared to other treatments. Humin also follow the same trend 
like HA and FA but its concentrations were significantly higher than the control 
and diesel spiked soils.   
4.4 PAH Concentration in Soil 
 The PAH concentrations in the soil samples in various treatments is 
given in Tables (4.6, 4.7, 4.8 and 4.9) for the summer. There are obvious 
differences in initial and final concentration of different soil PAHs. In S1P1 the 
PAH concentration decreased from the initial value for all the PAHs in all 
treatments (Table. 4.6). In T3 where soil was spiked with 0.5% diesel, showed a 
68% decreased in naphthalene concentration and a 62% decrease in 
acenaphthalene. In T5, fluorenthene represented the highest decline of 86.59% 
with 82% reduction in acenaphthene concentrations from the initial concentration. 
Similarly in T6 the concentration of naphthalene and phenathrene declined 81.26% 
and 71%, respectively, from the initial value.  
In presence of rye grass the variation in PAH concentration was relatively 
more obvious. Most of the PAHs declined ranging from 48.91% to 100% in T1, 
41.6% to 97.3% in T2, 13.4% to 83% in T3, 25.2% to 90.5% in T4, 52.6% to 
95.7% in T5 and 32.2% to 80.8% in T6 (Table 4.7).  In the presence of P2 
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naphthalene showed 83% decreased concentration from initial in T3 and 90 % 
flouranthene concentration was decreased in T4. Concentration of all selected 
PAHs showed more than a 50% decline in T5 whereas acenaphthalene showed 
95% decrease in concentration. In T6 80% decrease in acenaphthalene and 
anthracene observed. 
Table 4.8 represents the concentration variation in the soil samples for 
sandy loam soil (S2) where vetiver grass (P1) was grown. Similar to S1 there was a 
decline in all PAH concentration from the initial value among different treatments. 
The effect was most profound in diesel contaminated compost amended soil 
treatments (T5 & T6). In only diesel spiked soil (T3) this variation was found 
limited only to approximately 73%. With the addition of compost, the 
concentration of fluoranthene was further decreased in T5 to 96% from its initial 
concentration while in T6 its decline was about 83%. 
 Similarly in presence of rye grass (P2) there was a decline in PAH 
concentration from the initial values in all the treatments (Table 4.9). More than 
90% decline was observed in T3 of fluoranthene and 83% reduction in 
phenanthrene concentration while in T4 highest declined was observed in 
flouranthene (84%) concentration. Treatments spiked with diesel and amended 
with compost (T5 and T6) showed decreased concentration of all PAHs from the 
initial with naphthalene, pyrene, flourene and phenathrene concentration more than 
50%. 
4.5: PAH CONCENTRATION IN PLANTS 
Figure 4.8 (a and b) shows the uptake of Naphthalene in root and shoot of 
vetiver grass and rye grass from two different types of soils contaminated with 
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diesel. In S1, uptake of naphthalene by roots of vetiver grass was relatively higher 
in treatments spiked with diesel (T3), while naphthalene uptake by shoots of 
vetiver grass was higher in T4 and T5, respectively. Concentrations of naphthalene 
in root and shoot were non-significantly different with each other. While uptake of 
naphthalene by vetiver between treatments was also non-significant. In S2 
naphthalene uptake by root of vetiver showed higher concentration in T3 followed 
by T4. In T5 the shoot uptake of naphthalene was observed in higher as compared 
to other treatments. The concentration of naphthalene uptake between root and 
shoot and between treatments was not significantly (P > 0.05) different. 
Uptake of naphthalene in root and shoot of rye grass is shown in Figures 
4.8b in soil S1 and S2, contaminated with diesel. Data revealed high naphthalene 
uptake by roots in treatment T3 in both soils where in S2 its concentration in shoot 
is high in T6. Concentration of naphthalene in root and shoot of rye grass and 
between treatments are non-significantly different with each other. 
Uptake of acenaphthalene and its accumulation in roots and shoots of 
vetiver grass is shown in Fig. 4.9a in S1. Acenaphthalene transfer by soil to root 
was higher in T3 (reported as concentration of naphthalene in root biomass) 
compared to other treatments. Wherea, shoot uptake was observed higher in T4 as 
compared to other treatments. Concentration of acenaphthalene in root and shoot 
was non-significantly different with each other in all treatments of soil 
contaminated with diesel. In S2, T3 and T4 showed significantly ((p=0.03) higher 
uptake of acenaphthalene by shoots of vetiver grass. Figure 4.9b shows 
acenaphthalene uptake by root and shoot of rye grass from both type of soils.  
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Table 4.4: Comparison of soil organic matter fractions in both soil types planted 
with vetiver grass 
 
Vetiveria zizanioides  (P1) 
Treatments S1 S2 
 
HA 
(mg kg
-1
) 
FA 
(mg kg
-1
) 
Humin 
(mg kg
1
) 
HA 
(mg kg
-1
) 
FA 
(mg kg
-1
) 
Humin 
(mg kg
-1
) 
T1 328 b  175 b  323 c 184 c  101 d 310 c  
T2 351 a  191 a 348 b 402 a 291 a 529 a  
T3 396 a  142 c 396 a 159 c 87 e 402 b 
T4 239 c  180 ab 239 e 184 c 209 b 441 b 
T5 340 ab 77 d 341 b 378 a 112 d 502 b 
T6 252 c  80 d 279 d 298 b 140 c 542 a 
S1: soil from Gujar khan (silty clay loam); S2: soil from Rawalpindi (sandy loam); T1: 0% compost 
and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel 
+ 1% compost; T6: 1% diesel + 1% compost, HA: humic acid; FA: fulvic acid 
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Table 4.5: Comparison of soil organic matter fractions in both soil types planted 
with rye grass in summer 
 
Lolium multiflorum Lam (Rye Grass) (P2) 
Treatments S1 S2 
 
HA 
(mg kg
-1
) 
FA 
(mg kg
-1
) 
Humin 
(mg kg
-1
) 
HA 
(mg kg
-1
) 
FA 
(mg kg
-1
) 
Humin 
(mg kg
-1
) 
T1 184 d  102 c 304 bc  203 d 104 c  323 c  
T2 373 b 167 a 375 a 409 a 180 a 529 a 
T3 295 c 90 c 291 c 279 c 113 c 400 b 
T4 201 d 130 b  298 c 276 c 102 c 398 b 
T5 409 a 154 ab 365 a 310 b 166 ab 555 a 
T6 428 a 127b 337 a 290 bc 152 b 538 a 
 
S1: soil from Gujar khan (silty clay loam); S2: soil from Rawalpindi (sandy loam); T1: 0% compost 
and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel 
+ 1% compost; T6: 1% diesel + 1% compost, HA: humic acid; FA: fulvic acid 
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Table 4.6: Percentage change in PAH concentration from initial in Silty clay loam soil (S1) planted with vetiver grass in 
summer (±<0.05 SE).  
S1P1 T1 T2 T3 T4 T5 T6 
PAHs (µg g-1) Initial % Change Initial % Change Initial % Change Initial % Change Initial % Change Initial % Change 
Naphthalene 1.57 -28.37 2.04 3.36 5.90 -68.76 5.25 -52.95 4.66 -36.80 5.19 -81.28 
Acenaphthalene 0.85 -33.43 0.91 -38.52 1.21 -12.75 2.12 -41.26 1.98 -51.32 2.46 -57.21 
Acenaphthene 0.31 -82.78 0.34 -50.22 4.15 -62.23 1.14 -38.15 3.90 -82.01 1.37 -20.18 
Flourene 0.44 -81.34 0.98 -8.93 4.70 -15.89 5.04 -34.55 4.97 -22.56 4.68 -58.30 
Phenanthrene 0.72 -3.92 0.65 -55.84 3.79 -37.60 4.18 -33.04 4.07 -35.49 4.76 -71.69 
Anthracene 0.70 -13.26 0.99 -0.92 1.71 -24.21 2.04 -32.93 1.97 -33.39 2.45 -50.48 
Fluoranthene 0.17 -49.83 0.10 -30.08 1.37 -50.16 2.18 -66.97 1.46 -86.59 1.51 -67.02 
Pyrene 0.55 -38.22 0.56 -59.79 1.54 8.62 3.17 -6.59 1.90 -26.64 2.34 -51.07 
Benzo[a]anthracene 0.05 -47.43 0.06 46.10 1.67 -39.77 2.01 -39.66 1.12 -26.76 1.65 -44.72 
Chrysene 0.11 -57.80 0.11 -61.32 1.23 -16.90 2.05 -44.19 1.91 -49.79 1.81 -53.79 
 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 1% 
compost 
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Table 4.7: Percentage change in PAH concentration from initial in silty clay loam (S1) planted with rye grass in summer 
(±<0.05 SE) 
S1P2 T1 T2 T3 T4 T5 T6 
PAHs (µg g-1) Initial % Change Initial % Change Initial % Change Initial % Change Initial % Change Initial % Change 
Naphthalene 1.57 -66.05 2.04 -97.30 5.90 -77.51 5.25 -47.43 4.66 -73.87 5.19 -49.86 
Acenaphthalene 0.85 -97.84 0.91 -82.63 1.21 -13.45 2.12 -54.85 1.98 -95.73 2.46 -80.80 
Acenaphthene 0.31 -93.34 0.34 -41.67 4.15 -72.69 1.14 -25.04 3.90 -73.52 1.37 0.99 
Flourene 0.44 -75.29 0.98 -84.30 4.70 -65.49 5.04 -52.66 4.97 -72.83 4.68 -58.95 
Phenanthrene 0.72 -48.91 0.65 4.84 3.79 -83.52 4.18 -27.26 4.07 -72.30 4.76 -32.23 
Anthracene 0.70 -92.78 0.99 -63.16 1.71 -36.57 2.04 -35.52 1.97 -52.62 2.45 -73.14 
Fluoranthene 0.07 -86.03 0.10 -79.37 1.37 -23.55 2.18 -90.54 1.46 -57.53 1.51 -73.97 
Pyrene 0.55 -95.90 0.56 -31.26 1.54 -26.48 3.17 -57.80 1.90 -60.74 2.34 -59.79 
Benzo[a]anthracene 0.00 0 0.00 0 1.01 -30.60 1.20 -28.33 1.12 -50.78 1.10 -60.77 
Chrysene 0.01 -100.00 0.11 -67.61 2.08 -51.68 2.05 -49.96 1.91 -61.10 1.81 -46.17 
T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 
1% compost 
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Table 4.8: Percentage change in PAH concentration from initial in sandy loam (S2) planted with vetiver grass in summer 
(±<0.05 SE). 
S2P1 T1 T2 T3 T4 T5 T6 
PAHs (µg g-1) Initial % Change Initial % Change Initial % Change Initial % Change Initial % Change Initial % Change 
Naphthalene 1.31 -48.90 1.03 -35.67 4.53 -36.52 4.31 -40.08 3.54 -71.21 4.18 -78.64 
Acenaphthalene 0.18 -72.43 1.05 -56.44 1.61 -23.71 1.83 -68.46 1.81 -41.12 1.92 -44.84 
Acenaphthene  0.38 -82.08 0.89 -84.18 0.93 -37.78 2.80 -35.02 2.46 -54.17 2.71 -66.47 
Flourene  0.65 -32.72 0.72 -20.76 3.96 -28.31 4.27 -57.65 2.84 -60.07 2.82 -63.68 
Phenanthrene 0.29 -18.96 0.87 -39.08 2.99 -26.35 3.80 -33.34 1.89 -71.56 2.44 -59.51 
Anthracene  0.31 -57.27 0.33 -47.89 1.72 -28.80 1.95 -67.66 1.89 -44.39 1.94 -44.45 
Fluoranthene  0.33 -79.85 0.61 -28.53 0.51 -73.80 0.58 -47.71 0.57 -96.79 0.56 -83.56 
Pyrene 0.45 -75.01 0.54 -25.19 1.31 -13.05 3.23 -19.09 2.72 -59.75 2.84 -59.84 
Benzo[a]anthracene 0.01 -100.00 0.06 -100.00 1.11 -40.72 1.24 -20.76 1.11 -34.70 1.02 -14.19 
Chrysene  0.05 -100.00 0.43 -94.22 0.92 -22.17 1.02 -14.59 0.94 -42.45 1.35 -48.78 
T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 
1% compost 
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Table 4.9: Percentage change in PAH concentration from initial in sandy loam (S2) planted with rye grass in summer 
(±<0.05 SE). 
S2P2 T1 
 
T2 
 
T3 
 
T4 
 
T5 
 
T6 
 
PAHs (µg g-1) Initial % Change Initial % Change Initial % Change Initial % Change Initial % Change Initial % Change 
Naphthalene 1.31 -31.98 1.03 -55.90 4.53 -66.50 4.31 -72.19 3.54 -77.03 4.18 -85.67 
Acenaphthalene 0.18 -29.72 1.05 -87.35 1.61 -34.82 2.83 -27.79 1.81 -45.52 1.92 -46.41 
Acenaphthene 0.38 -36.91 0.89 -70.58 0.93 -8.63 2.80 -27.54 2.46 -49.46 2.71 -62.32 
Flourene 0.65 -7.74 0.72 -40.79 3.96 -63.26 4.27 -62.04 2.84 0.48 2.82 -81.05 
Phenanthrene 0.29 123.30 0.87 -68.95 2.99 -83.11 3.80 -71.69 1.89 17.27 2.44 -69.48 
Anthracene 0.31 -55.40 0.33 -66.99 1.72 -41.26 1.95 -45.92 1.89 -38.30 1.94 -44.74 
Fluoranthene 0.33 -95.16 0.61 -90.61 0.51 -93.06 0.58 -84.50 0.57 -50.62 0.56 -56.68 
Pyrene 0.45 -14.92 0.54 -80.60 1.31 -20.71 3.23 -66.40 2.72 -68.15 2.84 -75.80 
Benzo[a]anthracn 0.11 -45.03 0.06 0.00 1.11 -36.56 1.24 -46.36 1.01 -56.59 1.43 -32.84 
Chrysene 0.05 0.00 0.43 -98.15055 1.12 -11.62 1.02 -24.36 1.14 -38.85 1.35 -63.54 
T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 
1% compost 
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Accumulation of acenaphthalene was non-significantly higher in roots of rye grass 
compared to shoots in S1. Where the concentration of naphthalene was different 
among all the treatments. 
The concentration of flourene in roots and shoots of vetiver grass was 
significantly different between treatments (p=0.04) but concentration was non-
significant between roots and shoots from soil S1. In S2 flourene uptake was 
significantly different between roots and shoots (p= 0.03) and concentration of 
flourene between treatments are also significantly different (p=0.005) Fig. 4.10a. 
Uptake of flourene by roots and shoots of rye grass (Fig. 4.10b) showed shoot 
uptake of flourene by rye garss was significantly higher (p= 0.03) in T6 compared 
to other treatments of diesel contaminated.  The change in flourene concentration is 
significant among all the treatments. 
Uptake of phenathrene by roots and shoots of vetiver showed 
comparatively more uptake in S2 compared to S1. In both types of soil 
phenanthrene concentration between root and shoot in all treatments were non-
significant (p-value > 0.05). Phenanthrene uptake by rye grass from contaminated 
soil is presented in Fig. 4.11b. In S1, root uptake was higher in treatment T4 and 
T6. Concentration of phenanthrene in root and shoot differ non-significantly with 
each other (p-value > 0.05). In S2 uptake of phenanthrene is higher in T4 
compared to other treatments.  
Root uptake of anthracene by vetiver grass was higher in all diesel treated 
treatments of S1 compared to S2 (Fig 4.12a). However the concentration of 
anthracene in roots and shoots was non-significantly different between treatments 
in both soils (S1 and S2). Figure 4.12b represents the anthracene accumulation by 
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roots and shoots in rye grass. Anthracene uptake by roots of rye grass was 
relatively more compared to shoots. Treatments T5 and T6 in which soil was 
spiked with diesel and amended with compost showed more uptake of anthracene 
in S1. In S2, T3 showed more uptake of anthracene by shoot while T6 showed 
more accumulation of anthracene in roots of rye grass.  
Flouranthene uptake by vetiver grass in both type of soils (S1 and S2) 
contaminated with diesel is shown in Fig. 4.13a. T3 showed higher root uptake of 
flouranthene, while T4 and T6 showed higher flouranthene uptake by shoot in S1. 
Where in S2 higher uptake of flouranathene by root was observed in T3 and T5 in 
which soil was spiked with 0.5% diesel and transportation of PAHs from root to 
shoot was observed more T6 where concentration was higher in shoot as compared 
to root. Concentration of flouranthene in roots and shoots was non-significantlly 
different among the treatments (p-value > 0.05).  
Flouranthene uptake by rye grass was shown in Fig. 4.13 b. In S1 
concentration of flouranthene in root and shoot of rye grass was significantly 
different between the treatments (p= 0.03). In S2 flouranthene uptake by rye grass 
was lower in T5 compared to other treatments. More transportation of 
contaminants is recorded from roots, characterized by significantly (p= 0.005) high 
shoot concentration as compared to root concentration. Uptake of pyrene by roots 
and shoots of vetiver showed Fig. 4.14a. There was comparatively more uptake in 
S2 compared to S1. Root uptake of pyrene by vetiver grass showed more obvious 
removal of pyrene from contaminated soils (S1 and S2) compared to shoot. Pyrene 
uptake by rye grass from contaminated soil is presented in Fig.4.14b. In S1 
treatment T3 and T4 showed higher uptake by roots. Concentration of pyrene in  
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Figure 4.8: Naphthalene uptake by roots and shoots of vetiver grass (a) and rye 
grass (b) in two soils during summer (
1
p-value: Variation b/w root and shoot 
concentration; 
2
p-value: Variation among the treatments),(where T1: Control ; 
T2:1% compost; T3: 0.5% diesel; T4: 1% diesel; T5: 0.5% diesel+ 1% compost; 
T6: 1% diesel + 1% compost). 
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Figure. 4.9 Acenaphthalene uptake by roots and shoots of vetiver grass (a) and rye 
grass (b) in two soils during summer (
1
p-value: Variation b/w root and shoot 
concentration; 
2
p-value: Variation among the treatments),(where T1: Control ; 
T2:1% compost; T3: 0.5% diesel; T4: 1% diesel; T5: 0.5% diesel+ 1% compost; 
T6: 1% diesel + 1% compost). 
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Figure 4.10: Flourene uptake by roots and shoots of vetiver grass (a) and rye grass 
(b) in two soils during summer (
1
p-value: Variation b/w root and shoot 
concentration; 
2
p-value: Variation among the treatments),(where T1: Control ; 
T2:1% compost; T3: 0.5% diesel; T4: 1% diesel; T5: 0.5% diesel+ 1% compost; 
T6: 1% diesel + 1% compost). 
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Figure 4.11: Phenanthrene uptake by roots and shoots of vetiver grass (a) and rye 
grass (b) in two soils during summer (
1
p-value: Variation b/w root and shoot 
concentration; 
2
p-value: Variation among the treatments),(where T1: Control ; 
T2:1% compost; T3: 0.5% diesel; T4: 1% diesel; T5: 0.5% diesel+ 1% compost; 
T6: 1% diesel + 1% compost). 
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Figure 4.12: Anthracene uptake by roots and shoots of vetiver grass (a) and rye 
grass (b) in two soils during summer (
1
p-value: Variation b/w root and shoot 
concentration; 
2
p-value: Variation among the treatments),(where T1: Control ; 
T2:1% compost; T3: 0.5% diesel; T4: 1% diesel; T5: 0.5% diesel+ 1% compost; 
T6: 1% diesel + 1% compost). 
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Figure 4.13: Flouranthene uptake by roots and shoots of vetiver grass (a) and rye 
grass (b) in two soils during summer (
1
p-value: Variation b/w root and shoot 
concentration; 
2
p-value: Variation among the treatments),(where T1: Control ; 
T2:1% compost; T3: 0.5% diesel; T4: 1% diesel; T5: 0.5% diesel+ 1% compost; 
T6: 1% diesel + 1% compost). 
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Figure 4.14: Pyrene uptake by roots and shoots of vetiver grass (a) and rye grass 
(b) in two soils during summer (
1
p-value: Variation b/w root and shoot 
concentration; 
2
p-value: Variation among the treatments),(where T1: Control ; 
T2:1% compost; T3: 0.5% diesel; T4: 1% diesel; T5: 0.5% diesel+ 1% compost; 
T6: 1% diesel + 1% compost). 
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roots and shoots was non-significantly different with other treatments (p- value > 
0.05) but the concentrations differed significantly between treatments (p=0.02). In 
S2 uptake of pyrene is higher in T6 as compared to other treatments (p-value > 
0.05). 
4.6: CO-RELATION BETWEEN SOIL ORGANIC MATTER OF BOTH 
SAMPLES AND GRASS SPECIES  
In Table 4.10 the correlation matrix for PAH sequestration shows the high 
affinity of fulvic acid for naphthalene (41%), in vetiver grass compared to the other 
soil organic matter fractions. Similarly, fulvic acid has shown comparatively 
higher correlation for other PAHs. The highest affinity of fulvic acid was observed 
for anthracene with 70% correlation value. PAHs like  Benzo[a]pyrene, 
Indeno[1,2,3-cd]pyrene, Dibenzo[a,h]anthracene and Benzo[ghi]perylene 
correlated negatively with all soil organic matter fractions (ranging from 10% to 
82%). HA was found more strongly correlated with pyrene, flouranthene and 
anthracene (43%, 33% and 30% respectively) compared to other PAHs. Humin had 
the least affinity was observed for PAHs sequestration. 
Table 4.11 shows that HA is negatively correlated to the PAH 
concentration. Under both plants HA has represented negative correlation with the 
PAH concentration. For the lighter PAH the only the notable positive correlation 
was observed for Naphthalene concentration (R
2
= 58.9%). Similarly it was found 
that high molecular weight PAH concentration was negatively related the Humin 
fraction. Here again Naphthalene, Acenaphthalene and acenaphthene represented 
positive correlation with the humin fraction in P2 (R
2
 = 35%, 25%, & 13% 
respectively) and only for the former two in case of P1 (R
2
 = 21% and 15.7% 
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respectively). The highest correlation value was observed for flouranthene and 
fulvic acid in case of P1 (93.1%). Other strong correlations were observed for 
acenaphthalene (76.9 %), naphthalene (66.7%), phenanthrene (67.1%). 
Experiment # 2  
4.7: SOIL ANALYSIS 
4.7.1: pH 
The change in soil pH before and after the experiment is represented in 
Figure 4.15. In S1P1 the pH of all the soil samples declined from the initial values 
(Fig 4.15a) The pH ranged initially from 6.67 in T1 and T6 to 6.93 in T2. Where at 
the end of experiment the pH ranged from 6.50 in T1 to 6.63 in T2 and T5. In the 
same soil presence of P2 affected the final pH, which ranged from 6.4 in T6 to 6.63 
in T2 (Fig. 4.15b). Similarly the pH in S2 declined in all the treatments in both P1 
and P2 from the initial (Fig. 4.15c and d). The observed variation is about 0.2 units 
in all the treatment. Most prominent decline was in T2 and T4 of 0.2 and 0.4 units 
respectively. 
4.7.2: EC 
Initially the EC of the soil samples ranged from 145.6 µs/cm to 183.3 
µs/cm in in T3 and T5 respectively. However at the end of the experiment the EC 
changed from the initial to 154.3 µs/cm and 170 µs/cm. The EC of T1 T3 and T4 
raised from the initial value where in the other treatments the EC declined from the 
initial value in S1P1 (Fig. 4.16a). In the same soil in the presence of P2 a slightly 
different trend was observed in which the EC increased from the initial value by 3 
µs/cm in T1, T2 and T3 and 10 µs/cm in T5 and T6 and 11 µs/cm in T4. In case of 
S2, the decline was observed from the initial value in case of T1, T2 and T3. 
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Table 4.10: Correlation matrix for soil PAH sequestration by SOM fraction in Silty clay loam soil (S1) 
 
   
Silty clay loam soil 
  
 
Vetiver grass (P1) Rye grass (P2) 
 
HA FA H HA FA H 
Naphthalene 0.143 0.415 0.062 0.252 0.369 0.110 
Acenaphthalene 0.216 0.569 0.114 0.374 0.182 0.104 
Acenaphthene 0.322 0.678 0.206 0.147 0.129 -0.085 
Flourene 0.303 0.620 0.207 0.316 0.039 -0.020 
Phenanthrene 0.292 0.681 0.192 0.514 0.185 0.208 
Anthracene 0.303 0.707 0.216 0.529 0.374 0.336 
Fluoranthene 0.332 0.669 0.244 0.504 0.374 0.306 
Pyrene 0.435 0.437 0.362 0.564 0.248 0.266 
Benzo[a]anthracene 0.141 0.456 0.091 0.819 0.549 0.681 
Chrysene 0.165 0.697 0.085 0.637 0.119 0.259 
Benzo[b]fluoranthene 0.167 0.259 0.130 0.720 0.675 0.672 
Benzo[k]fluoranthene 0.042 0.337 -0.033 0.573 0.431 0.412 
Benzo[a]pyrene -0.520 -0.448 -0.493 0.730 0.772 0.785 
Indeno[1,2,3-cd]pyrene -0.124 -0.263 -0.126 0.418 0.911 0.722 
Dibenzo[a,h]anthracene -0.735 0.268 -0.827 0.200 0.749 0.594 
Benzo[ghi]perylene -0.176 -0.105 -0.209 0.269 0.701 0.546 
Total PAH 0.309 0.684 0.197 0.423 0.163 0.117 
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Table 4.11: Correlation matrix for Soil PAH sequestration by SOM fraction in sandy loam soil (S2) 
 
 
 
Sandy loam soil (S2) 
 
Vetiver grass (P1) Rye grass (P2) 
 
HA FA H HA FA H 
Naphthalene 0.074 0.667 0.215 0.589 0.694 0.352 
Acenaphthalene -0.049 0.769 0.157 0.218 0.480 0.259 
Acenaphthene -0.502 0.232 -0.130 0.270 0.459 0.132 
Flourene -0.369 0.381 -0.033 -0.314 -0.035 -0.328 
Phenanthrene -0.237 0.671 0.010 -0.608 -0.350 -0.576 
Anthracene -0.502 0.348 -0.185 -0.485 -0.166 -0.404 
Fluoranthene 0.214 0.931 0.294 -0.469 -0.106 -0.226 
Pyrene -0.447 0.303 -0.103 -0.547 -0.189 -0.374 
Benzo[a]anthracene -0.331 0.508 -0.036 -0.672 -0.379 -0.580 
Chrysene -0.356 0.419 -0.044 -0.663 -0.427 -0.647 
Benzo[b]fluoranthene -0.274 0.126 -0.017 -0.684 -0.438 -0.643 
Benzo[k]fluoranthene -0.464 -0.163 -0.086 -0.674 -0.397 -0.602 
Benzo[a]pyrene -0.449 0.301 -0.126 -0.666 -0.404 -0.605 
Indeno[1,2,3-cd]pyrene -0.732 -0.190 -0.866 -0.632 -0.412 -0.643 
Dibenzo[a,h]anthracene -0.464 0.271 -0.147 -0.598 -0.396 -0.648 
Benzo[ghi]perylene -0.509 0.235 -0.145 -0.632 -0.375 -0.604 
Total PAH -0.345 0.475 -0.019 -0.430 -0.148 -0.422 
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 In T2 the decline was most obvious where EC decreased by 17 µs/cm units from 
the initial value in rest of the treatments 11 µs/cm rise was observed in case on T5 
and T6 and only a minimal change was observed in the case of T4. On the other 
hand in the same soil with P2 the rise in EC was observed only by T5 (Fig. 4.16d). 
4.7.3 Organic Matter 
Organic matter variation in different treatments under two different types of 
vegetation in the varying soils is given in Figure 4.17 (a and d). In S1P1 the %OM 
(percentage organic matter) declined from the initial value by 0.14, 0.34, 0.18, 
0.16, 0.62 and 0.72% in T1, T2, T3, T4, T5 and T6 respectively. Similarly in S1P2 
the %OM declined from the initial value by 0.05 units in T2, T3 and T4, and by 
0.03 in T5 and T6. In S2P1 the only rise in %OM was observed in T1. All the other 
treatments represented a minute decline from the initial value. Where in S2P2 there 
was consistent decline in %OM in all the treatments from the initial value (Fig 4.17 
d). 
4.7.4 Total Organic Carbon 
 Similar to the %OM the TOC value also declined from the initial values. 
The results are more obvious from Figure 4.18 (a and d). Initially in S1P1 the TOC 
value ranged from 0.5% to 0.9% and dropped to 0.4% to 0.7%. The observed 
variation was 0.08%, 0.19%, 0.10%, 0.09%, 0.36% and 0.44% in all the treatments 
respectively. Similarly in S1P2 the %OM declined by 0.05%, 0.02%, 0.03%, 
0.03%, 0.17% and 0.18% in all the treatments. In S2P1 there was no obvious effect 
observed by the treatments after the course of experiment. Overall a minimal 
decline was observed for all the treatments. Similarly in case of P2 in the same soil 
the observed variation was also minimal ranging up to highest in T6 (0.37%) (Fig.  
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4.18 d).     
4.7.5 TN 
 Status of total nitrogen (TN) is given in Figure 4.19 (a to d). The TN 
concentration decreased from the initial by only a small fraction in all the 
treatments. Similarly in S2P2 no obvious change was observed form the initial 
concentration in all the treatments. The similar trend is evident from the figure 4.19 
(c and d). There was a decline in overall TN concentration but the results were not 
significant. 
4.7.6 MBN 
 Microbial biomass nitrogen status in soil samples is given in Figure 4.20 
(a-d). in S1P1 the only decline was observed in case of T6 where the MBN 
decreased form initial 0.46 mg/Kg to final 0.38 mg/Kg. in all the other treatments 
MBN rose from the initial values (Fig. 4.20 a). The same result was observed in 
S1P2 (fig. 4.20 b). In case of S2P2 the results are given in figure 4.13 (c-d). The 
values declined from the initial values in case of T1 and T6 by 0.04 mg/Kg. the 
rest of the treatments represented a minute increase in MBN. In S2P2 the MBN 
almost remained consistent after the experimental duration a minute rise was 
observed in these cases (Fig. 4.20d).  
4.7.7: MBC 
  The fluctuation in MBC of different soil samples is presented in figure 
4.21 (a-d). Considerable rise in MBC is observed in all the soil samples of S1P1 
(fig 4.20a). This rise is about 0.2% units in T1, T3 and T4 and 0.5%, 0.9% and 
1.18% in T2, T5 and T6. Where in S1P2 the rise was not as much considerable  
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Fig. 4.15. Soil pH variation among different treatments in contrasting soil samples 
(a: S1P1; b: S1P2; c: S2P1; d: S2P2). S1: soil from Gujar khan (silty clay loam); 
S2: soil from Rawalpindi (sandy loam); P1:  vetiver grass; P2: rye Grass, T1: 0% 
compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel 
(PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 1% compost 
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Fig.4.16: Effect of different soil treatments on the electrical conductivity in 
contrasting soil samples (a: S1P1; b: S1P2; c: S2P1; d: S2P2). S1: soil from Gujar 
khan (silty clay loam); S2: soil from Rawalpindi (sandy loam); P1:  vetiver grass; 
P2: rye Grass, T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel 
(PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 
1% compost 
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Fig.4.17: Soil organic matter content among different treatments in contrasting soil 
samples (a: S1P1; b: S1P2; c: S2P1; d: S2P2). S1: soil from Gujar khan (silty clay 
loam); S2: soil from Rawalpindi (sandy loam); P1:  vetiver grass; P2: rye Grass, 
T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 
1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 1% compost 
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Fig. 4.18: Soil total organic carbon (TOC) variation among different treatments in 
contrasting soil samples (a: S1P1; b: S1P2; c: S2P1; d: S2P2). S1: soil from Gujar 
khan (silty clay loam); S2: soil from Rawalpindi (sandy loam); P1:  vetiver grass; 
P2: rye Grass, T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel 
(PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 
1% compost 
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Fig. 4.19: Total nitrogen (TN) variation among different treatments in contrasting 
soil samples (a: S1P1; b: S1P2; c: S2P1; d: S2P2). S1: soil from Gujar khan (silty 
clay loam); S2: soil from Rawalpindi (sandy loam); P1:  vetiver grass; P2: rye 
Grass, T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); 
T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 1% 
compost 
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Fig. 4.20: Microbial biomass nitrogen (MBN) variation among different treatments 
in contrasting soil samples (a: S1P1; b: S1P2; c: S2P1; d: S2P2). S1: soil from 
Gujar khan (silty clay loam); S2: soil from Rawalpindi (sandy loam); P1:  vetiver 
grass; P2: rye Grass, T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% 
diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% 
diesel + 1% compost 
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Fig. 4.21: Microbial biomass carbon (MBC) variation among different treatments 
in contrasting soil samples (a: S1P1; b: S1P2; c: S2P1; d: S2P2). S1: soil from 
Gujar khan (silty clay loam); S2: soil from Rawalpindi (sandy loam); P1:  vetiver 
grass; P2: rye Grass, T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% 
diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% 
diesel + 1% compost 
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highest increase was observed in 0.48% in T6 (fig. 4.20b). In S2P1 only decline 
was observed in case of T1 by 0.2% and highest rise was observed in T5 by 1.1%. 
in case of S2P2 the most obvious rise was around 1% in T5 and T6 (fig 4.21 d).  
4.8 POT EXPERIMENT II: 
The effect of different concentrations of diesel containing PAHs on total 
root length (cm) of vetiver grass in soil collected from Gujar khan (S1) are 
presented in Table 4.12 Treatment in which soil was amended with compost only 
T2 (78.5±4.76 cm) showed a 27% increase in root length compared to the control. 
While T4 showed 27% decrease in root length compared to the control, in this 
treatment soil was spiked with 1% diesel. Treatments T3 and T5 in which soil was 
spiked with 0.5% diesel and also amended with compost showed similar root 
length. The effect of different treatments of diesel in soil from Rawalapindi (S2) 
showed (on the root length of vetiver grass) in Table 4.12. A decrease of 51% was 
observed in the root lengths of plants grown in T4 (spiked with 1% diesel) and 
53% decrease was observed in T6 soil (Spiked with 1% diesel and 1% compost).  
The shoot length of vetiver grass was also affected by the concentration of diesel 
which contains PAHs (Table. 4.12). In soil (S1), the shoot length of Vetiver grass 
in T4 was 22% less than the control soil. In soil (S2) the maximum shoot length 
was recorded for plants grown in soil amended with compost (T2), in which the 
shoot length was 11% higher than the control (Table 4.12). However there was a 
decrease in shoot length in T3 and T4 which were only spiked with diesel, of 47% 
and 59% respectively reduced growth in comparison to the control.  
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 Root biomass of vetiver grass was analyzed at different treatments of diesel 
in soil (S1) in the experiment after 4 months. The data indicates that there was a 
large increase in the root biomass of T2 compared to the Control (T1). Root 
biomass was 50% lower in T4 compared to the control treatment in which the soil 
(T4) which was spiked with 1% of diesel and followed by T3, decreased in root 
biomass.  In soil (S1) the shoot biomass of all the diesel contaminated treatments 
showed prominent decreases in biomass compared to the control as well as other 
compost amendments treatments (T5 and T6). In soil (S2), as expected, the 
biomass were lower in the diesel contaminated soil than in the uncontaminated soil 
and also in soil amended with compost, Compared to the control plants, root dry 
matter of vetiver grass was reduced by 34% and 57% for 0.5% and 1% diesel 
contaminated soil respectively. Shoot dry biomass of vetiver grass was 45% less 
when exposed to a diesel concentration of 1% diesel spiking after 120 days of 
treatment, but shoot dry weight in T5 and T6 was by 29% and 28%  less compared 
to the control. In soil (S1) the root length of rye grass increased by 36% in T2 
compared to the control in this soil treatment T2 in which soil was amended with 
compost. Treatment (T4) showed 58% less in root length as compared to control 
while in soil (S2) the root length of rye grass was 36% less in the control compared 
to T2. Treatments T3 (35.00±3.96 cm) and T4 (33.5±3.5cm) showed decreased root 
length of rye grass after four months. Shoot height of rye grass was compared in 
different treatments of diesel contaminated soil (S1) affected by contamination of 
diesel containing PAHs. Shoot height was 26% lower in T4 compared to the 
control. In T6 the same concentration of diesel with the addition of compost with 
diesel, resulted in soil shoot growth that was increased significantly compared to 
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Table 4.12: Effect of varying diesel concentration on the growth of vetiver grass (P1) in different soil types.  
 
 
Treatments Root Length  
(cm) 
Shoot Length 
 (cm) 
Root Biomass  
(g plant
-1
) 
Shoot Biomass 
 (g plant
-1
) 
 S1 S2 S1 S2 S1 S2 S1 S2 
T1 61.7 b 71.0 b 61.5 b 88.6 b 8.23 b 7.30 b 4.3 b 5.0 b 
T2 78.5 a 81.5 a 83.0 a 99.1 a  10.7 a 8.4 a 6.1 a  5.9 a 
T3 56.1 c 49.0 cd 58.6 b  60.1 d 5.32 c 5.4 d 3.4 c 3.7 cd 
T4 48.6 d 46.8 d 50.2 c 55.6 e 3.90 d 4.6 e 2.9 d 3.5 d 
T5 61.8 b 52.6 c 59.9 b 71.1 c 5.46 c 6.5 c 4.1 b 3.8 c 
T6 48.6 d 46.3 d 59.0 b 71.2 c 5.43 c 6.7 c 3.6 c 3.9 c 
 
S1: silty clay loam soil from Gujar khan; S2: sandy loam soil from Rawalpindi; P1:  vetiver grass; P2: rye Grass, T1: 0% compost and 0% diesel; T2: 1% 
Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 1% compost 
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Table 4.13: Growth behavior of rye grass in two different soils under varying diesel concentrations  
 
Treatments Root Length 
 (cm) 
Shoot Length  
(cm) 
Root Biomass  
(g plant
-1
) 
Shoot Biomass  
(g plant
-1
) 
 S1 S2 S1 S2 S1 S2 S1 S2 
T1 49.1 b 50.0 bc 56.6 b 67.6 b 3.23 b 2.48 d 3.51 b 3.50 b 
T2 66.8 a 78.8 a 67.1 a 84.3 a 4.72 a 3.22 a 3.90 a 4.64 a 
T3 46.9 c 35.0 e 50.8 c 48.3 d 2.41 d 1.85 e 3.06 d 2.33 d 
T4 30.9 d 33.5 e 44.6 d 45.6 d 1.97 e 1.73 e 2.79 e 2.40 d 
T5 49.9 b 41.5 d 56.6 b 57.0 c 2.91 c 2.72 c 3.37 c 2.81 e 
T6 40.4 c 43.6 cd 59.1 b 52.6 cd 3.13 bc 2.97 b 3.08 d 2.79 c 
 
S1: silty clay loam soil from Gujar khan; S2: sandy loam soil from Rawalpindi; P1:  vetiver grass; P2: rye Grass, T1: 0% compost and 0% diesel; T2: 1% 
Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 1% compost 
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  T4 (Table 4.13). S2 showed that the shoot height of rye grass was reduced 48% in 
the soil 1% diesel (T4) compared to the control. Root and shoot biomass of rye 
grass showed a lower biomass in the diesel contaminated treatments compared to 
the control soil collected from Gujarkhan (S1). Root biomass of rye grass in T4 
was 42% less compare to the control in soil collected from Rawalpindi (S2) and 
the shoot biomass of rye grass was reduced in 49% in T3 compared to the control 
followed by the T4 treatment. Both treatments were spiked with different 
concentrations of diesel (Table. 4.13).   
4.9 SOIL ORGANIC MATTER FRACTIONS 
 Table 4.14 showed the soil organic matter fractions in both type of soils (S1 
and S2) in which Vetiveria zizanioides (P1) was grown in winter for four months 
and fractionation of SOM was performed. Mean humic acid (HA) acid content in 
S1 was higher in treatments that were amended with compost such as T2, T5 and 
T6 compared to the control and only diesel spiked soils. Mean values of fulvic acid 
were less in treatments that were spiked with 0.5 % diesel (T3) compared to other 
treatments. Humin acid content was observed high in concentration compared to 
the other two fractions (HA and FA) in all treatments. About 38 to 59 % humin 
fraction is present in all treatments. In S2 soil HA had a lower value in T4 (164 ± 
3.3 mg kg
-1
) in which soil was spiked with 1% diesel and it is significantly 
different from T5 and T6 in which soil was spiked with varying concentrations of 
diesel and amended with 1% compost. The FA content was also in lower in 
concentration in T3. Humin content was higher in S2 compared to S1 in all 
treatments. 
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Table 4.15 shows the soil organic matter fractions in both types of soil with 
rye grass. HA had higher concentrations in treatments in which soil was amended 
with compos. They were significantly different from other treatments with diesel 
spiked soils.  FA content was observed less in concentration T3 in which soil was 
spiked with 0.5% diesel. Humin content was observed significantly higher in T5 in 
which soil was spiked with 0.5% diesel and amended with 1% compost. In soil S2 
HA was higher in concentration in all treatments that were amended with compost 
compared to other treatments. FA concentration was lower in T3 and T4 (123 ± 2.9 
and 115± 3.3 respectively) compared to T5 and T6.  Humin concentrations were 
significantly higher in T5 and T6 as compared to other treatments.   
4.10: PAH CONCENTRATION IN SOIL 
Effect of soil treatments in both soils is presented in Table 4.16 – 4.19 the 
results were similar to the summer. Table 4.16 shows that the PAH concentration 
was very low in T1 and T2. Adding diesel to the soil increased the concentration of 
various PAHs. However the percentage change was around 60% maximum in 
compost amended soil. In T3, T4, T5 and T6 the percentage decline was greater for 
low molecular weight PAH   that is naphthalene (68%, 52%, 36% and 81%). 
Flouranthene concentration was also declined more 50% in all treatments.  
In the presence of rye grass the initial concentration in T1 and T2 were very 
low (Flourene-0.1 µg g-
1
 to Acenaphthene-0.7 µg g-
1
) in S1 (Table 4.17). In the 
rest of the treatments the % decline was least for acenaphthene. Anthracene 
concentration declined was more than 70% in T3 and T4. Flourene concentration 
was decreased in 83% and pyrene 70% in T5. Similar variation was recorded for 
S2 in vetiver grass (Table 4.18). The percentage decline from the initial values was 
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Table. 4.14: Comparison of soil organic matter fractions in both soil types planted 
with vetiver grass 
 
Vetiveria zizanioides  (P1) 
Treatments S1 S2 
 
HA 
(mg kg
-1
) 
FA 
(mg kg
-1
) 
Humin 
(mg kg
-1
) 
HA 
(mg kg
-1
) 
FA 
(mg kg
-1
) 
Humin 
(mg kg
-1
) 
T1 242 c  159 bc 313 c 172 c 134 c 299 e 
T2 318  a 200 a 334 b 388 a 281 a 494 a 
T3 158 d 127 c 375 a 194 bc 100 e  381 d  
T4 127 d 160 bc 236 d 164 c 125 d 415 c 
T5 314 a 179 b 325 bc 358 a 122 d 469 b 
T6 269 b 172 b 270 d 307 b 145 b 505 a 
 
S1: silty clay loam soil from Gujar khan; S2: sandy loam soil from Rawalpindi,T1: 0% compost and 
0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 
1% compost; T6: 1% diesel + 1% compost, HA: humic acid;FA: fulvic acid 
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Table. 4.15: Comparison of soil organic matter fractions in both soil types planted 
with rye grass 
 
Lolium multiflorum Lam (rye grass) (P2) 
Treatments S1 S2 
 
HA 
(mg kg
-1
) 
FA 
(mg kg
-1
) 
Humin 
(mg kg
-1
) 
HA 
(mg kg
-1
) 
FA 
(mg kg
-1
) 
Humin 
(mg kg
-1
) 
T1 293 c 134 bc 293 d  197 d 149 b 311 c  
T2 370 a 195 a 357 c 403 a 183 a 493 a 
T3 237 d 102 c 281 d 237 c 123 c 379 b 
T4 202 e 124 c 288 d 225 c 115 c 377 b 
T5 344 b 161 b 612 a 286 b 149 b 517 a 
T6 367 c 139 b 401 b 303 b 158 b 501 a 
 
S1: silty clay loam soil from Gujar khan; S2: sandy loam soil from Rawalpindi,T1: 0% compost and 
0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 
1% compost; T6: 1% diesel + 1% compost, HA: humic acid;FA: fulvic acid 
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Table 4.16: Percentage change in PAH concentration from initial in silty clay loam (S1) planted with vetiver grass in winter 
(±<0.05 SE). 
S1P1 T1 T2 T3 T4 T5 T6 
PAHs (µg g-1) Initial Change Initial Change Initial Change Initial Change Initial Change Initial Change 
Naphthalene 1.57 -28.37 2.04 3.36 5.90 -68.76 5.25 -52.95 4.66 -36.80 5.19 -81.28 
Acenaphthalene 0.85 -33.43 0.91 -38.52 1.21 -12.75 2.12 -41.26 1.98 -51.32 2.46 -57.21 
Acenaphthene 0.31 -82.78 0.34 -50.22 4.15 -62.23 1.14 -38.15 3.90 -82.01 1.37 -20.18 
Flourene 0.44 -81.34 0.98 -8.93 4.70 -15.89 5.04 -34.55 4.97 -22.56 4.68 -58.30 
Phenanthrene 0.72 -3.92 0.65 -55.84 3.79 -37.60 4.18 -33.04 4.07 -35.49 4.76 -71.69 
Anthracene 0.70 -13.26 0.99 -0.92 1.71 -24.21 2.04 -32.93 1.97 -33.39 2.45 -50.48 
Fluoranthene 0.17 -49.83 0.10 -30.08 1.37 -50.16 2.18 -66.97 1.46 -86.59 1.51 -67.02 
Pyrene 0.55 -38.22 0.56 -59.79 1.54 8.62 3.17 -6.59 1.90 -26.64 2.34 -51.07 
Benzo[a]anthracene 0.05 -47.43 0.06 46.10 1.67 -39.77 2.01 -39.66 1.12 -26.76 1.65 -44.72 
Chrysene 0.11 -57.80 0.11 -61.32 1.23 -16.90 2.05 -44.19 1.91 -49.79 1.81 -53.79 
T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 
1% compost 
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Table 4.17: Percentage change in PAH concentration from initial in silty clay loam (S1) planted with rye grass in winter 
(±<0.05 SE). 
S1P2 T1 T2 T3 T4 T5 T6 
PAHs (µg g-1) Initial Change Initial Change Initial Change Initial Change Initial Change Initial Change 
Naphthalene 0.6 -52.0 0.5 -76.1 1.9 -64.3 2.3 -20.7 1.7 -65.8 2.2 -40.4 
Acenaphthalene 0.2 -87.9 0.1 -81.2 1.2 -19.1 2.1 -43.3 1.0 -22.7 1.5 -32.8 
Acenaphthene 0.7 -97.5 0.8 -95.5 1.2 -3.7 1.1 7.0 1.9 -58.5 1.4 -33.8 
Flourene 0.1 -71.3 0.1 -69.6 1.5 -72.4 1.0 -56.1 2.0 -83.0 1.7 -49.0 
Phenanthrene 0.5 -29.3 0.2 -94.6 2.8 -77.6 3.2 -4.4 3.1 -63.3 3.8 -67.4 
Anthracene 0.1 -66.0 0.1 -63.3 0.7 -76.7 1.0 -80.8 1.0 -78.2 1.4 -85.4 
Fluoranthene 0.1 -86.0 0.1 -86.5 1.4 -29.3 2.2 -49.8 1.5 -55.9 1.5 -38.6 
Pyrene 0.3 -93.3 0.2 -80.4 0.8 -34.1 1.7 -46.0 1.9 -76.6 1.3 -76.9 
Benzo[a]anthracene 0.1 -100.0 0.1 -100.0 1.2 -19.1 1.5 -34.0 1.1 -24.4 1.7 -44.7 
Chrysene 0.0 -100.0 0.0 -67.6 1.1 -35.0 2.1 -55.9 1.0 -29.8 1.8 -59.8 
T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 
1% compost 
 
  
104 
 
Table 4.18: Percentage change in PAH concentration from initial in sandy loam soil (S2) planted with vetiver grass in 
winter (±<0.05 SE). 
S2P1 T1 T2 T3 T4 T5 T6 
PAHs (µg g-1) Initial Change Initial Change Initial Change Initial Change Initial Change Initial Change 
Naphthalene 0.3 -93.0 0.3 -91.3 1.5 -45.7 1.3 -26.8 2.5 -59.9 2.2 -75.4 
Acenaphthalene 0.2 -75.3 1.0 -95.3 1.6 -39.0 1.8 -38.7 1.8 -76.1 1.9 -50.1 
Acenaphthene 0.4 -90.5 0.9 -93.1 0.9 -54.9 2.8 -43.3 2.5 -96.2 2.7 -96.7 
Flourene 0.2 -89.2 0.2 -90.4 2.0 -26.9 2.3 -46.0 1.8 -58.6 1.8 -62.7 
Phenanthrene 0.2 -60.9 0.2 -83.5 3.0 -26.3 2.8 -9.5 1.9 -71.6 2.4 -59.5 
Anthracene 0.3 -92.2 0.1 -77.6 0.7 -84.3 1.0 -24.4 0.9 -43.4 0.9 -44.3 
Fluoranthene 0.1 -86.4 0.1 -85.8 1.5 -48.4 1.6 -29.8 1.6 -49.5 1.6 -40.9 
Pyrene 0.1 -90.3 0.2 -91.1 1.3 -31.5 1.8 -35.3 1.7 -50.8 1.8 -71.0 
Benzo[a]anthracene 0.0 -100.0 0.1 -100.0 1.1 -32.7 1.2 -18.6 1.0 -44.6 1.0 -14.7 
Chrysene 0.1 -100.0 0.4 -96.8 0.9 -22.2 1.2 -13.6 1.1 -52.5 1.4 -57.4 
T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 
1% compost 
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Table 4.19: Percentage change in PAH concentration from initial in sandy loam soil (S2) planted with rye grass in winter 
(±<0.05 SE). 
S2P2 T1 T2 T3 T4 T5 T6 
PAHs (µg g-1) Initial Change Initial Change Initial Change Initial Change Initial Change Initial Change 
Naphthalene 0.31 -21.84 0.35 -54.37 1.53 -74.63 1.31 -60.09 2.54 -78.21 2.18 -77.00 
Acenaphthalene 0.18 -81.41 1.05 -96.39 1.61 -35.31 1.83 -28.83 1.81 -46.00 1.92 -47.45 
Acenaphthene 0.38 -96.11 0.89 -98.25 0.93 -94.28 2.80 -68.89 2.46 -90.87 2.71 -85.15 
Flourene 0.22 -90.92 0.21 -77.21 1.96 -76.77 2.27 -72.66 2.93 -2.48 1.82 -70.66 
Phenanthrene 0.09 -100.00 0.07 0.00 1.99 -77.41 2.80 -81.90 2.89 -30.83 2.44 -71.96 
Anthracene 0.31 -95.41 0.13 -87.41 1.72 -43.10 1.95 -46.47 0.89 -9.20 1.14 -15.54 
Fluoranthene 0.13 -89.76 0.13 -93.30 1.51 -36.84 1.58 -33.09 1.57 -45.08 1.56 -45.53 
Pyrene 0.15 -91.60 0.15 -95.32 1.31 -44.85 1.83 -61.92 1.72 -55.24 1.84 -76.12 
Benzo[a]anthracene 0.01 -100.00 0.06 -100.00 1.11 -36.50 1.24 -29.18 1.01 -12.15 1.02 -5.85 
Chrysene 0.05 -100.00 0.04 -81.51 1.79 -44.77 1.72 -41.89 1.14 -39.07 1.35 -31.11 
T1: 0% compost and 0% diesel; T2: 1% Compost; T3: 0.5% diesel (PAHs); T4: 1% diesel (PAHs); T5:  0.5% diesel + 1% compost; T6: 1% diesel + 
1% compost 
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highest for acenaphthene in all the diesel contaminated treatments, correspondingly 
54.9%, 43.3%, 96.2% and 96.7% for T3, T4, T5 and T6. In T5 there was 71.69% 
decrease in phenanthrene concentration while pyrene concentration declined 71% 
in T6. Greater decline in T5 and T6 confirm the significance of compost 
amendment.  
The initial concentration of PAH in soil samples (S2) planted with rye grass 
was also very low therefore the final concentration was also very low representing 
high decline rate (Table 4.19). The percentage decline was above 50% for all 
PAHs in T4, T5 and T6 except for acenaphthalene (28%, 46% and 47%), 
anthracene (46%, 9% and 15%) and benzo[a]anthracene (29%, 12% and 5%) in 
T4, T5 and T6.   
4.11: PAH CONCENTRATION IN PLANTS 
 Figure 4.22a, b shows the uptake of Naphthalene in roots and shoots of 
vetiver grass and rye grass in two different types of soils contaminated with diesel. 
In S1 uptake of naphthalene by root of vetiver grass was found high for the diesel 
contaminated soil compared to other treatments. However, naphthalene uptake by 
shoots of vetiver grass is higher in T4 and T5 respectively. These variations were 
found non-significant for both root to shoot and treatments. In S2 naphthalene 
uptake by roots of vetiver grass showed higher concentration in T3 and T6. In T4 
the shoot uptake of naphthalene was observed in higher concentration compared to 
other treatments. Uptake of Naphthalene in roots and shoots of rye grass is shown 
in Figures 4.22b in two different types soils (S1 and S2) contaminated with diesel. 
Data revealed that naphthalene uptake by root was higher in treatment T3 in both 
soils. In T5 of both the soil had higher naphthalene shoot uptake.  
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Uptake of acenaphthalene and its accumulation in roots and shoots of 
vetiver grass is shown in Fig. 4.23a In S1 acenaphthalene concentration was higher 
in T4 compared to other treatments where shoot concentration was observed higher 
in T3 as compared to other treatments. Concentration of acenaphthalene in roots 
and shoots was significantly different between treatments (p= 0.03). In S2, T3 
showed higher uptake of acenaphthalene by roots of vetiver grass and T4 showed 
higher shoot uptake. Concentration of acenaphthalene in roots and shoots and 
concentration of acenaphthalene among the treatments are non-significantly 
different from each other (p-value > 0.05). In Fig. 4.23b acenaphthalene uptake by 
roots and shoots of rye grass from both type of soils is shown. Accumulation of 
acenaphthalene was higher in shoot of rye grass in T3 and T6 compared to root in 
S1. While in S2 acenaphthalene uptake by shoots was high compared to root 
uptake. However these variations were non-significant (p-value >0.05). 
Uptake of flourene by root and shoot of vetiver grass is shown in Fig 4.24a. 
There was more uptake of flourene by roots in T3 compared to other treatments in 
S1. In S2 T6 showed higher uptake by shoots compared to the other treatments. In 
both types of soil flourene concentration between roots and shoots in all treatments 
were non-significant (p-value > 0.05). Flourene uptake by rye grass from 
contaminated soil is presented in Fig. 4.24b In S1 flourene uptake by roots was 
comparatively more compared to shoots in all treatments. The difference between 
roots and shoots though different but is non-significant (p-value > 0.05). In S2 
uptake of flourene by root is higher in T6 compared to other treatments. The 
concentration of flourene between treatments are significantly different (p-value = 
0.02). 
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Uptake of phenathrene by roots and shoots of vetiver Fig. 4.25a showed 
comparatively more uptake in S2 compared to S1. In S1 more uptake was observed 
in T3 and T5 by roots while in S2 T6 showed higher uptake.  In S1 uptake of 
flourene by roots and shoots was significantly different between the treatments (p= 
0.006). In S2 phenanthrene concentration between root and shoot in all treatments 
differed non-significantly (p-value > 0.05). Phenanthrene uptake by rye grass from 
contaminated soil is presented in Fig. 4.25b. In S1 treatment T3 and T5 showed 
higher uptake by root. But the uptake difference was not found statistically 
significant.  
Root and shoot uptake of anthracene by vetiver grass was lower in T5 and 
other treatments showed higher anthracene uptake by roots in S1 (Fig. 4.26a).  
While in S2 higher uptake was observed by shoots. The concentration of 
anthracene was significantly different in roots and shoots (p=0.03) for S2. Fig4.26b 
shows the anthracene accumulation by roots and shoots of rye grass. Anthracene 
accumulation by rye grass in S1 was lower compared to S2. While S2 showed 
higher shoot uptake of anthracene compared to roots. 
 Flouranthene uptake by Vetiver grass in both type of soils (S1 and S2) 
contaminated with diesel is shown in fig. 4.27a. T3 showed higher root uptake of 
flouranthene, while T4 and T6 showed higher flouranthene uptake by shoot in S1. 
While in S2 higher uptake of flouranathene by root was observed in T3 and T5 in 
which soil was spiked with 0.5% diesel. Concentration of flouranthene in root and 
shoot was non-significantlly different among treatments (p-value > 0.05). 
Flouranthene uptake by Rye grass was shown in fig 4.27b. In S1 flouranthene 
uptake by shoot is higher in T6 as compared to root. 
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Figure. 4.22: Naphthalene uptake by roots and shoots of vetiver grass and Rye 
grass in two soils during winter (
1
p-value: Variation b/w root and shoot 
concentration; 
2
p-value: Variation among the treatments), (where T1: Control; 
T2:1% compost; T3: 0.5% diesel; T4: 1% diesel; T5: 0.5% diesel+ 1% compost; 
T6: 1% diesel + 1% compost). 
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Figure 4.23: Acenaphthalene uptake by roots and shoots of vetiver grass and Rye 
grass in two soils during winter (
1
p-value: Variation b/w root and shoot 
concentration; 
2
p-value: Variation among the treatments), (where T1: Control; 
T2:1% compost; T3: 0.5% diesel; T4: 1% diesel; T5: 0.5% diesel+ 1% compost; 
T6: 1% diesel + 1% compost). 
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Figure. 4.24 Flourene uptake by roots and shoots of vetiver grass and Rye grass in 
two soils during winter (
1
p-value: Variation b/w root and shoot concentration; 
2
p-
value: Variation among the treatments), (where T1: Control; T2:1% compost; T3: 
0.5% diesel; T4: 1% diesel; T5: 0.5% diesel+ 1% compost; T6: 1% diesel + 1% 
compost). 
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Figure.4.25. Phenanthrene uptake by roots and shoots of vetiver grass and Rye 
grass in two soils during winter (
1
p-value: Variation b/w root and shoot 
concentration; 
2
p-value: Variation among the treatments), (where T1: Control; 
T2:1% compost; T3: 0.5% diesel; T4: 1% diesel; T5: 0.5% diesel+ 1% compost; 
T6: 1% diesel + 1% compost). 
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 In S2 more root uptake of Flouranthene was observed in T5 and T3 as compared 
to shoot of Rye grass. In S2 flouranthene uptake by Rye grass was lower in T5 as 
compared to other treatments, root and shoot uptake was significantly different 
between the treatments (p= 0.001). 
Uptake of pyrene by roots and shoots of vetiver grass presented in Fig 
4.28a. In S1 uptake of pyrene by T3 and T5 showed higher concentration in roots 
compared to shoots. Where T4 and T6 showed more shoot uptake.  In S2 pyrene 
remediation through roots was evident in T3, T5 and T6 compared to shoots. The 
concentration of pyrene in roots and shoots between treatments was significantly 
different (p= 0.04). Pyrene uptake by rye grass from contaminated soil is presented 
in Fig.4.28b. In S1 treatment T6 showed higher uptake by shoot.  
4.12 CO-RELATION MATRIX BETWEEN SOIL ORGANIC MATTER 
FRACTIONS AND PAHs IN WINTER 
In the winter experiment it was observed that PAH concentration was 
negatively correlated with the SOM (Table 4.20). Overall total PAH was only 
positively correlated with the humin fraction of SOM in both P1 (R2= 11.5%) and 
P2 (R
2
 = 30.5%). Results represented in table 4.18 and 4.19 total PAH have 
negative affinity with various SOM fractions, that is humic acid, fulvic acid and 
humin.  Where in case of vetiver grass the correlation value was observed 0.955 
between FA and Indeno[1,2,3-cd]pyrene. Similarly other PAHs like 
Benzo[k]fluoranthene, Benzo[a]pyrene and Dibenzo[a,h]anthracene were also 
found strongly correlated with the FA (R
2
 = 76.2%, 66.2% and 42% respectively). 
Indeno[1,2,3-cd]pyrene also represented 74.2 % association with humic acid. 
Similarly for rye grass it was observed that Indeno[1,2,3-cd]pyrene,  
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Figure 4.26: Anthracene uptake by roots and shoots of vetiver grass and Rye grass 
in two soils during winter (
1
p-value: Variation b/w root and shoot concentration; 
2
p-value: Variation among the treatments), (where T1: Control; T2:1% compost; 
T3: 0.5% diesel; T4: 1% diesel; T5: 0.5% diesel+ 1% compost; T6: 1% diesel + 
1% compost). 
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Figure.4.27. Flouranthene uptake by roots and shoots of vetiver grass and Rye 
grass in two soils during winter (
1
p-value: Variation b/w root and shoot 
concentration; 
2
p-value: Variation among the treatments), (where T1: Control; 
T2:1% compost; T3: 0.5% diesel; T4: 1% diesel; T5: 0.5% diesel+ 1% compost; 
T6: 1% diesel + 1% compost). 
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Figure.4.28: Pyrene uptake by roots and shoots of vetiver grass and Rye grass in 
both soils during winter (
1
p-value: variation b/w root and shoot concentration; 
2
p-
value: variation among the treatments), (where T1: Control; T2:1% compost; T3: 
0.5% diesel; T4: 1% diesel; T5: 0.5% diesel+ 1% compost; T6: 1% diesel + 1% 
compost).
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Table 4.20: Correlation matrix for soil PAH sequestration by SOM fractions in silty clay loam soil (S1) in winter 
 
PAHs 
Silty clay loam (S1) 
Vetiver grass (p1) Rye grass (P2) 
HA FA H HA FA H 
Naphthalene -0.438 -0.457 -0.030 -0.486 -0.503 -0.149 
Acenaphthalene -0.562 -0.493 -0.304 -0.482 -0.615 0.060 
Acenaphthene -0.149 -0.080 -0.575 -0.540 -0.647 0.033 
Flourene -0.408 -0.343 -0.424 -0.014 -0.426 0.132 
Phenanthrene -0.504 -0.433 -0.178 -0.584 -0.398 -0.051 
Anthracene -0.291 -0.278 -0.349 -0.603 -0.590 0.147 
Fluoranthene -0.653 -0.485 -0.439 -0.493 -0.647 0.004 
Pyrene 0.205 -0.035 -0.004 -0.725 -0.569 -0.060 
Benzo[a]anthracene -0.323 -0.265 -0.320 -0.385 -0.580 0.191 
Chrysene -0.562 -0.507 -0.275 -0.423 -0.544 0.194 
Benzo[b]fluoranthene -0.693 -0.559 -0.354 -0.532 -0.642 0.013 
Benzo[k]fluoranthene 0.602 0.762 -0.316 0.460 0.371 -0.052 
Benzo[a]pyrene 0.580 0.662 -0.555 0.738 0.742 0.311 
Indeno[1,2,3-cd]pyrene 0.742 0.955 -0.273 0.475 0.782 0.292 
Dibenzo[a,h]anthracene -0.158 0.420 -0.823 0.279 0.758 -0.014 
Benzo[ghi]perylene 0.283 0.304 -0.576 0.402 0.701 -0.114 
Total PAH -0.486 -0.426 -0.286 -0.538 -0.588 0.032 
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Table 4.21: Correlation matrix for soil PAH sequestration by SOM fractions in sandy loam soil (S2) in winter  
PAHs 
Sandy loam soil (S2) 
Vetiver grass (p1) Rye grass (P2) 
HA FA H HA FA H 
Naphthalene -0.148 -0.660 0.190 -0.325 -0.570 0.264 
Acenaphthalene -0.397 -0.583 0.166 -0.312 -0.720 0.148 
Acenaphthene -0.565 -0.299 -0.118 -0.254 -0.555 -0.007 
Flourene -0.413 -0.675 0.009 0.005 -0.104 0.514 
Phenanthrene -0.592 -0.567 -0.096 -0.006 -0.138 0.554 
Anthracene -0.056 -0.399 0.397 -0.294 -0.689 0.162 
Fluoranthene -0.214 -0.622 0.295 -0.316 -0.721 0.149 
Pyrene -0.322 -0.653 0.107 -0.320 -0.712 0.160 
Benzo[a]anthracene -0.284 -0.602 0.264 -0.214 -0.549 0.327 
Benzo[b]fluoranthene -0.232 -0.612 0.298 -0.427 -0.867 -0.155 
Benzo[k]fluoranthene -0.465 -0.590 -0.087 -0.477 0.144 -0.507 
Benzo[a]pyrene -0.560 -0.226 -0.143 -0.441 0.176 -0.552 
Indeno[1,2,3-cd]pyrene -0.833 -0.317 -0.866 -0.407 0.196 -0.605 
Dibenzo[a,h]anthracene -0.528 -0.227 -0.148 -0.377 0.208 -0.614 
Benzo[ghi]perylene -0.585 -0.286 -0.146 -0.398 0.223 -0.517 
Total PAH -0.407 -0.622 0.115 -0.249 -0.596 0.305 
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Dibenzo[a,h]anthracene, Benzo[a]pyrene and Benzo[ghi]perylene were most 
strongly realted with FA (78%, 75.8%, 74.2% and 70.1% respectively). Humic 
Acid was related above 70% with the Benzo[a]pyrene. Under both plant 
cultivations in winter there was negative correlation for individual PAH and humin 
fractions of SOM. Total PAH were only found positively correlated with humin in 
the case of rye grass, however this correlation value was very weak (R
2
= 0.032). 
EXPERIMENT 3 
4.13 PHYSICOCHEMICAL PROPERTIES OF SOIL 
The soil was analyzed for physicochemical characteristics which revealed 
that initially overall pH ranged between 6.9 ±0.05 to 7.2 ± 0.05 in all the 
treatments (Table 4.22). After two months of pot experiment the pH decreased 
slightly from the initial values and ranged from 6.6 ± 0.09 to 6.9 ± 0.20. Similarly 
diesel addition to soil had an obvious influence on OM contents. The organic 
matter content of the soil samples at the start of experiment were 1.18 ± 0.06 % in 
T1. The OM percentage varied in different treatments of soil spiked with diesel 
and aged diesel soil with and without plants and varied from 1.18 ± 0.06 % to 1.79 
± 0.09 in all treatments. Organic matter concentration showed dissimilar variation 
from start to end of the experiment between different treatments. After two weeks 
of diesel spiking total organic carbon was lower in the control which is 0.88 ± 0.08 
% and higher in T5 (1.4 ± 0.07 %) (aged diesel soil without plants). After two 
months of pot experiment the highest amount of TOC was observed in T5 in which 
soil was aged diesel soil but without vetiver grass. There was also increased total 
nitrogen in the soil as the level of diesel oil pollution increased. After 2 weeks of 
spiking total nitrogen count was high in treatments having aged diesel 
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contaminated soil 0.74 ± 0.04 g kg
-1
 (T6). Where after two months of pot 
experiment the total nitrogen decreased from the initial concentrations in all the 
treatments. Lowering of nitrogen may be due to mineralization and then uptake by 
plants. After two weeks of spiking T2 showed higher MBC and MBN contents 
compared to other treatments and T5 showed lower amount of MBC and T4 
showed lower MBN content (Table: 4.22). After two months of pot experiment T1 
and T2 showed higher MBC content compared to other treatments of soil spiked 
with diesel while T4 showed the lowest value of MBC (0.46 ± 0.04).  
4.14 RESPONSE OF GROWTH CHARACTERISTICS BY VETIVERIA 
ZIZANIOIDES IN DIFFERENT DIESEL TREATMENTS  
Growth response of Vetiveria zizanioides in different diesel treatments are 
presented in table 4.23. At the beginning of the greenhouse studies, all plants had a 
height of 10 cm. As the experiment progressed, plant height increased in all 
treatments. However, differences between contaminated and uncontaminated soil 
were clearly evident throughout the study. Average root and shoot length in 
contaminated soil reached their maximum at 2 months.  Plant root and shoot length 
had the greater length compared to PAH contaminated soils. Root and shoot length 
of vetiver grass in treatment T2 is significantly different from T4 and T6 
respectively. Prominent decrease was observed in root biomass (4.9 ± 0.5 g plant
-1
 
in T4 and 3.7 ± 0.3g plant
-1
 T6) of Vetiveria zizanioides grown in PAHs 
contaiminated soil compared to the control (8.2 ± 0.7 g plant
-1
). The treatment in 
which soil was spiked with 2% diesel showed 40 % decrease and treatment with 
aged soil showed 55% less root biomass compared to the control. Diesel 
contaminated treatments showed significant decreases in the shoot bimass 26% and 
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44% respectively comapred to the control.  
4.15 CONCENTRATION OF PAHs IN SOIL 
Table 4.24 shows the initial and final concentrations of selected PAHs in 
soil. In the comparison between the initial and final concentrations of PAHs, the 
final concentration decreased from the initial and the treatments in which vetiver 
grass was grown showed decreased in all PAHs concentrations. In T3 the soil 
which was spiked with 2% diesel showed decline in all PAHs, while flourene 
concentration decreased 42% after two months of experiment. Concentration of 
phenanthrene, pyrene and chrysene decreased 54%, 53% and 77% respectively 
from the initial value. In the treatment T4 (soil was spiked with 2% diesel and 
vetiver grass) concentration of naphthalene, acenaphthalene, phenanthrene, 
chrysene and benzo(a)pyrene declined by 50%, 58%, 27%, 63% and 55% from 
intial. Similarly concentration of benzo(k)flouranthene decreased 84% in T5 while 
acenaphthalene, phenanthrene and pyrene concentration in aged diesel soil 
decreased 50%, 67% and 47% respectively after two months of experiment. 
The treatment T6 in which aged diesel soil was used and vetiver grown for 
two months also showed decrease in concentration of all 16 PAHs while some 
compounds decreased prominently from initial to final concentrations like 
naphthalene, flourene, phenanthrene, anthracene, pyrene, chrysene and dibenzo(a, 
h)anthracene with 58%, 48%, 70%, 37%, 28%, 49% and 46% respectively. 
4.16 CONCENTRATION OF PAH IN ROOTS AND SHOOTS OF 
VETIVERIA ZIZANIOIDES 
Table 4.25 shows the concentration of PAHs in roots and shoots of vetiver. 
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Table 4.22: Effect of diesel contamination on the physico-chemical properties of soil  
 
Treatments 
pH 
 
OM (%) 
 
TOC (%) 
 
TN (g kg
-1
) 
 
MBC (%) 
 
MBN (g kg
-1
) 
  Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final 
T1 7.1 ±0.05 6.8 ± 0.05 1.18 ± 0.06 1.04 ± 0.05 0.8 ± 0.08 0.7 ± 0.07 0.66 ± 0.05 0.34 ± 0.05 2.20 ± 0.2 1.52 ± 0.07 0.73± 0.05 0.67  ± 0.06 
T2 7.2 ± 0.08  6.9 ± 0.20 1.71 ± 0.09 2.03 ± 0.07 1.2 ± 0.05 1.5  ± 0.07 0.71 ± 0.05 0.57 ± 0.05 2.5 ± 0.2 1.50 ± 0.05 0.91 ± 0.06 0.70  ± 0.05 
T3 6.9 ± 0.16 6.7 ± 0.16 1.66 ± 0.06 0.96 ± 0.08 1.1 ± 0.05 0.7  ± 0.06 0.62 ± 0.05 0.43 ± 0.05 1.46 ± 0.06 0.59 ± 0.05 0.60  ± 0.04 0.63 ± 0.05 
T4 7.2 ± 0.05 6.9 ± 0.09 1.39 ± 0.07 0.78 ± 0.06 1.0 ± 0.07 0.5  ± 0.06 0.61 ± 0.04 0.4 ± 0.05 1.68 ± 0.05 0.46 ± 0.04 0.53  ± 0.05 0.59  ± 0.07 
T5 7.1± 0.05 6.8 ± 0.16 1.79 ± 0.09 2.08± 0.08  1.4 ± 0.07 1.6  ± 0.05 0.72 ± 0.04 0.59 ± 0.04 1.32 ± 0.04 0.85 ± 0.05 0.70  ± 0.05 0.64  ± 0.05 
T6 6.9± 0.12 6.6 ± 0.09 1.35 ± 0.05 1.64 ± 0.05 1.1 ± 0.09 1.2 ± 0.04 0.74 ± 0.04 0.50 ± 0.05 1.74 ± 0.10 0.71 ± 0.06 0.78  ± 0.06 0.59  ± 0.07 
T1: 0% diesel without plant; T2: 0% diesel + vetiver grass; T3: 2% diesel (PAHs) without plant; T4: 2% diesel (PAHs) + vetiver 
grass; T5:  Aged diesel soil without plant; T6: Aged diesel soil + vetiver grass 
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Table 4.23:  Response of growth characteristics by Vetiveria zizanioides in 
different soil PAH treatments. 
 
Treatments 
Length (cm) 
  
Biomass (g plant
-1
) 
  
  Root Shoot Root Shoot 
Control (T2) 23.9 a 35.1 a 8.2 a 7.9 a 
2% diesel (T4) 19.8 b 28.3 b 4.9 b 5.8 b 
Aged diesel soil (T6) 13.7 c 19.8 c 3.7 c 4.4 b  
 
  
 
 
Table 4.24: Concentration of PAHs in soil planted with Vetiveria zizanioides (±<0.05 SE). 
 
PAHs (µg g
-1
) T1   T2   T3   T4   T5   T6   
  Initial Final Initial Final Initial Final Initial Final Initial Final Initial Final 
Naphthalene 0.012 0.009 0.012 0.008 0.174 0.255 0.030 0.015 0.077 0.052 0.208 0.086 
Acenaphthalene 0.011 0.005 0.011 0.005 0.603 0.526 0.141 0.058 0.036 0.024 0.083 0.065 
Acenaphthene  0.016 0.009 0.016 0.010 0.610 0.032 0.181 1.173 0.031 0.015 0.025 0.017 
Flourene  0.288 0.013 0.288 0.025 10.259 7.277 3.617 2.011 0.169 0.134 0.494 0.259 
Phenanthrene 0.571 0.018 0.571 0.039 13.904 6.423 7.369 5.400 0.542 0.177 0.907 0.271 
Anthracene  0.044 0.020 0.044 0.021 0.981 1.018 0.339 0.182 0.057 0.037 0.120 0.076 
Fluoranthene  0.033 0.019 0.033 0.021 0.609 0.552 0.219 0.134 0.283 0.179 0.284 0.203 
Pyrene 0.239 0.024 0.239 0.035 4.182 1.952 1.420 1.277 1.070 0.566 0.963 0.713 
Benzo[a]anthracene 0.029 0.024 0.029 0.024 0.411 0.293 0.156 0.107 0.101 0.078 0.145 0.129 
Chrysene  0.057 0.041 0.057 0.041 1.220 0.268 0.545 0.199 0.355 0.101 0.121 0.062 
Benzo[b]fluoranthene 0.028 0.026 0.028 0.025 0.132 0.104 0.063 0.061 0.214 0.170 0.354 0.293 
Benzo[k]fluoranthene 0.046 0.046 0.046 0.041 0.053 0.063 0.048 0.048 0.078 0.012 0.134 0.100 
Benzo[a]pyrene 0.026 0.027 0.026 0.020 0.050 0.050 0.033 0.015 0.095 0.050 0.252 0.225 
Indeno[1,2,3-cd]pyrene 0.018 0.012 0.018 0.013 0.023 0.013 0.019 0.012 0.153 0.118 0.392 0.285 
Dibenzo[a,h]anthracene 0.031 0.014 0.031 0.031 0.039 0.038 0.034 0.013 0.052 0.041 0.156 0.084 
T1: 0% diesel without plant; T2: 0% diesel + vetiver grass; T3: 2% diesel (PAHs) without plant; T4: 2% diesel (PAHs) + vetiver grass; T5:  Aged diesel soil 
without plant; T6: Aged diesel soil + vetiver grass 
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Table 4.25: Comparison between root and shoot mean concentrations of PAHs (µg 
g
-1
) for Vetiveria zizanioides grown in PAH contaminated soil for two months. 
(±<0.05 SE) 
 
PAHs (µg g
-1
) 
T2 
 
T4 
 
T6 
 
 
Root Shoot Root Shoot Root Shoot 
Naphthalene 0.005 0.008 0.004 0.006 0.810 0.118 
Acenaphthalene 0.004 0.063 0.005 0.024 0.072 0.031 
Acenaphthene  0.013 0.022 0.010 0.015 0.038 0.016 
Flourene  0.022 0.050 0.051 0.041 0.231 0.127 
Phenanthrene 0.036 0.044 0.184 0.088 0.433 0.375 
Anthracene  0.032 0.050 0.022 0.035 0.047 0.041 
Fluoranthene  0.024 0.061 0.033 0.039 0.070 0.056 
Pyrene 0.038 0.013 0.033 0.028 0.136 0.110 
Benzo[a]anthracene 0.024 0.026 0.023 0.024 0.027 0.024 
Chrysene  0.042 0.051 0.046 0.046 0.066 0.046 
Benzo[b]fluoranthene 0.024 0.030 0.024 0.026 0.041 0.026 
Benzo[k]fluoranthene 0.045 0.047 0.045 0.046 0.048 0.046 
Benzo[a]pyrene 0.024 0.031 0.024 0.027 0.033 0.026 
Indeno[1,2,3-cd]pyrene 0.017 0.023 0.017 0.019 0.035 0.018 
Dibenzo[a,h]anthracene 0.030 0.031 0.030 0.031 0.040 0.030 
Benzo[ghi]perylene 0.031 0.039 0.030 0.033 0.061 0.033 
Control (T2); 2% diesel (T4); Aged diesel soil (T6) 
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In treatment T4 (soil was spiked with 2% diesel with vetiver grass) there was more 
uptake of PAHs by roots compared to shoots. HMW PAHs accumulated in roots 
while some PAHs like acenaphthalene and anthracene showed more uptake to 
shoot. Chrysene showed equal uptake by root and shoot. In the T6 (aged diesel 
soil) roots of vetiver showed more uptake compared to shoots. 
4.17 MICROBIAL COMMUNITY ANALYSIS 
Microbial community composition and diversity at a diesel-contaminated 
soils were investigated by Microbial community analysis program (MiCA: T-
RFLP Analysis (APLAUS+)) and RDP 16S bacterial rRNA database. Bacterial 
groups with high relative abundance belong to three major groups that is 
proteobacteria, bacillus and firmicutes (Fig 4.29) Abundance of different microbial 
species separately is presented in Figure 4.30. It was observed that the species 
abundance in control soil differed from the diesel treated soils. Erwinia billingiae 
and Eggerthella lenta are the dominant species which were identified in control 
soil while Arsenophonus and Proteobacterium were found prominent in control 
soil with vetiver grass (T2).  Similarly the effect of the presence of plant in the 
diesel contaminated soil was also found in terms of different identified species 
from T3 and T4. Streptomyces, Actinosynnema, Lentzea, Bifidobacterium and 
Mycobacterium were predominant species identified in T3 while Rhodococcus, 
Streptomyces, Bifidobacterium are Burkholderia were mainly identified in T4. 
Prominent bacterial species present in aged diesel soil (T5) and aged diesel soil 
with Vetiver grass (T6) were Actinomycetales, Streptomyces, Mycobacterium, 
Thermoanaerobacter and Actinobacterium. 
127 
 
 
Figure: 4.29  Major classification of all the bacterial communities present in the 
soil. 
 
 
 
Figure: 4.30 Comparison of microbial abundances within total data set of bacterial 
phyla in all treatments.(T1:  0% diesel; T2: 0% diesesl + Vetiver grass; T3: 2% diesel (PAHs); 
T4: 2% diesel (PAHs) + Vetiver grass; T5: Aged diesel soil; T6: Aged diesel soil + Vetiver grass) 
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Chapter: 5 
DISCUSSION 
Products of petroleum hydrocarbon are widely used all over the world. 
Careful analysis of by products related during combustion of these chemical 
compounds revealed that soil is the major sink for these chemicals. Soil pollution 
by petroleum products is now a widespread problem throughout the world. Diesel 
(PAHs) contaminated soils pose risk to public health, deteriorate soil quality and 
contaminate water supplies (Pohl et al., 1997; Chilcott, 2011; Reis, 1996). These 
PAHs can be removed from the soil by the use of phytoaccumulators, plants used 
to extract, sequester, and/or detoxify hazardous organic and inorganic 
contaminants from soil, water and air (Pilon-Smits, 2005; Sandhu et al., 2007; Ali 
et al., 2012; Kabra et al., 2012). In the process of phytoremediation, by the help of 
plants organic compounds that exist in different chemical and structural forms are 
mineralized into non-toxic compounds such as CO2, NO3
-
 and NH4
+
 ions and also 
in to forms that plants and microbes directly uptake for nutrition (Meagher, 2000) 
and hence are directly removed from the environment. 
 The efficiency of different plants in removing or degrading soil PAHs has 
been investigated in many countries. This study implies the use of vetiver 
(Vetiveria zizanioides L.) and rye grass (Lolium multiflorum Lam) in green house 
conditions in diesel-contaminated soil with and without compost amendment. The 
experiments were performed in both summer and winter to assess the effect of 
season on PAH sequestration and its effect on plant growth. Both plants were 
grown in pots having two different soils (silty clay loam and sandy loam). Data 
was recorded at the start of the experiment and after harvesting the plants (after 4 
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months). The results of both experiments (summer and winter) indicated that 
significant changes in the soil physico-chemical properties took place. The soil pH 
showed decreasing trend after four months and the diesel spiked soil showed lower 
pH compared to compost amended soil and control. The decrease in pH was likely 
due to the plant and microbial enzymatic activities (Akpan and Ekpo, 2006). 
Studies conducted on the effect of diesel oil pollution on the soil properties of 
Niger Delta revealed that the soil was strongly acidic two weeks after application 
of diesel (Akpan and Udoh, 2013). Similarly, the electrical conductivity decreased 
from the start to end of experiment. Moreno et al. (1999) reported that the addition 
of compost resulted in an increase of soil salinity and electrical conductivity due to 
the release of ions released during organic matter mineralization. However, in this 
study the EC decreased in all treatments which may be accounted to the uptake of 
ions by plants after mineralization of organic matter. 
 Organic matter is one of the most important components of soil as it 
provides nutrients to plants and microbial communities, raising the soil fertility. 
After two weeks of spiking, different trends were observed among treatments with 
and without compost amendments. The increase in organic matter might be due to 
mineralization of the compost material. The soil spiked with diesel and without 
compost amendment (T3 and T4) showed lower amount of organic matter at the 
end of the experiment probably due to less mineralization and low microbial 
activity. However, the organic matter in all the treatments was more than that of 
the control as soil contaminated with hydrocarbons contain a high amount of 
carbon (McMurry, 2000; Clayden et al., 2001). 
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 In all the treatments, total organic carbon (TOC) and total nitrogen (TN) 
increased compared to their initial readings. The increase was higher in treatments 
with compost amendments. The increased TOC might also be due to the addition 
of diesel, as hydrocarbons increase the organic carbon in the soil. However, the 
TOC and TON in compost amended treatments was higher due to the 
mineralization of compost and the provision of carbon and nitrogen to the soil 
(Akpan and Udoh, 2013) and also due to the addition of compost. Malik et al. 
(2013) reported that organic amendments (farm yard manure and poultry litter) 
supplied sufficient nutrients for plants and microbes resulting in high TOC and TN 
in the soil.  
 Presence of organic matter in soil not only improves the soil conditions for 
plant growth but it also provides carbon source for different types of microbial 
community. Soil microbial biomass is the living part of soil organic matter and is 
an agent of transformation for organic matter. The activity of microbial biomass is 
characterized as the microbiological status of the soil (Jenkinson and Ladd, 1981; 
Nannipieri et al., 1990). Microbial biomass is more sensitive indicator of changing 
soil conditions than the total organic matter content. The microbial biomass carbon 
is an accurate indicator of variations in soil quality than other soil carbon fractions. 
In this study, it was observed that the microbial biomass carbon and nitrogen 
decreased after spiking the soil with diesel. Among the treatments, the microbial 
biomass carbon and nitrogen was higher in compost amended soil than the 
treatment spiked with diesel only. GarcÍa-Gil et al. (2000) reported that the 
addition of municipal solid waste increased microbial biomass carbon up to 46% 
compared to the control. 
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The research work conducted here followed two separate plant based 
approaches in which vetiver and rye grass were grown in soil spiked with diesel. 
At the same time, two different soil types were used so as to evaluate the ability of 
soil to sequester PAH and their effect on plant growth. In this study it was 
observed that both grasses were able to grow on PAH contaminated soil; however, 
there was a significant reduction in plant growth. There was a significant reduction 
in plant biomass in the plants grown in diesel spiked soil compared to the control. 
The highest reduction was observed in soils with the higher diesel concentration. 
The presence of PAH in the soil had an inhibitory effect on the plant growth. 
However, it is pertinent to mention that among the treatments, the plants grown in 
soil amended with compost had better growth than the plants grown in diesel 
contaminated soil only.  This indicates that the presence of compost promoted 
plant growth in diesel contaminated soil by providing them with essential nutrients. 
Many researchers have reported that various plants like vetiver, Brachiaria 
decumbens and Penicillium notatum showed reduced growth when grown in diesel 
oil contaminated soils (Brandt et al., 2006; Mezzarri et al., 2011). 
There is considerable variation reported in literature with regard to level of 
tolerance shown by plant species again PAH contamination level. Different plants 
can tolerate different concentrations of PAHs and have differential potential to 
uptake the PAHs from the soil. In this study, vetiver grass showed better growth on 
diesel contaminated soil compared to rye grass. This could be due to the dense root 
system of vetiver grass compared to the roots of rye grass. The dense root system 
enabled the vetiver grass to uptake more PAHs from the soil. Moreover, the plant 
exudates contain enzymes that help the plant to degrade PAHs present in the 
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rhizosphere. Other plants also reported that can tolerate crude oil in soil such as 
Vicia faba L. (Radwan et al., 1998). 
The effect of season on plant species tested in this study was more obvious 
for their ability to translocate PAHs from soil to above ground tissue. Both plants 
showed better growth during the experiment carried out in summer compared to 
winter. The concentration of diesel in the soil decreased by the end of the 
experiment compared to the initial concentrations; however, the decrease was 
significant in the experiment carried out in summer. Phytoremediation is a viable 
option for the remediation of diesel contaminated soils as the plants can extract, 
degrade and detoxify toxic pollutants from soil (Aslund et al., 2007; Chen et al., 
2003). 
The full range of PAHs was screened in soil samples and estimation shows 
that presence of PAHs in diesel spiked soils after pot experiment was decreased. 
Both the plants were used to remove these PAHs from two different soil types. The 
vetiver and rye grass, both were able to remove considerable degree of PAHs from 
the soil after 120 days of growth. The reduction of PAHs was greater in soil spiked 
with diesel and also amended with compost. The compost provides nutrients that 
promote plant growth. Plants with better root systems enable the plants to uptake 
more PAHs from the soil. Moreover, a better root system provides a better 
environment for microbes which also helps in the degradation of PAHs. The 
microbes present in PAHs contaminated soil are able to use the PAHs as food 
source and thus decrease them into less toxic compounds. Similar results are 
reported in which plants grown on polluted soils could dissipate the PAHs (Denys, 
2006; Sun et al., 2011). Compost amendment in the rhizosphere facilitates the 
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bioavailability of pyrene and therefore greater dissipation of pyrene in the soil 
(Wang et al., 2012). The decrease in PAHs concentrations was more obvious 
during summer as high temperature helps in the degradation of PAHs and effects 
the concentration of both LMW PAHs and HMW PAHs (Hussain and Hoque, 
2015). In this study PAHs of LMW were detected in all the samples whereas the 
HMW PAHs were not detected in most of the samples. It is likely that the HMW 
PAHs sorbed into soil matrix, became recalcitrant in the soil, and became 
persistent. As the molecular weight of PAHs increases, the low vapour pressure 
reduces their dissipation (Smith et al., 2011) which implies an important 
mechanism for loss in summer.  
The addition of compost in soil has varying effect on plants in general and 
in neutralizing the diesel toxicity in particular for vetiver and rye grass. Plants 
grown in soil amended with compost showed significant reduction in the 
concentration of naphthalene, acenaphthalene, phenanthrene and flouranthene 
during summer. The decrease in pyrene concentration was significant in the case of 
rye grass. It is obvious that rye grass was efficient in removing pyrene from the 
soil compared to other PAHs. Most of the PAHs like naphthalene, acenaphthalene, 
phenanthrene, anthracene, flourene, pyrene and flouranthene were detected in the 
shoots of vetiver and rye grass indicating that the PAHs were transferred from the 
roots to the shoot tissue. It also demonstrates the ability of both plants to uptake 
PAHs from the soil and sequester them in the shoot. Yu et al. (2011) reported that 
phenanthrene and pyrene were detected in the root of rye grass and were not 
transported to the shoots. It was also observed that most of the PAHs had higher 
concentration in the roots compared to the shoot, which might be due to their low 
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solubility and extractability. Higher shoot uptake was observed in case of 
anthracene and flouranthene. Meng et al. (2011) reported that vetiver grass 
removed phenanthrene, pyrene and benzo[a]pyrene from the soil which were 1% 
of total PAH present. Plants grown on contaminated soils take up less than 2% of 
the total soil PAHs (Gao and Zhu, 2004) and translocation from root to shoot 
appeared to be weak due to their low solubility (Li et al., 2006). Rye grass is also 
reported to remediate naphthalene, fluorene, acenaphthene, phenanthrene, 
anthracene, fluoranthene, pyrene, benz(a)anthracene, chrysene, 
benzo(b)fluoranthene from spiked soil and artificial coal-tar-contaminated soil 
(Smith et al., 2006). Therefore, findings of this study conclude that rye grass can 
be a suitable choice species for removal of PAHs in soil.  
There exists a definite relation between amount of organic matter contents 
present in the soil and degree of PAH sequestration that took place over a certain 
time. Since the results of this study comprised of two seasons, the amount of PAHs 
sequestered was observed directly related to the soil organic matter fraction (humic 
acid, fulvic acid and humin). Finding revealed that each fraction of soil organic 
matter showed differential ability to sequester PAHs. In both soil types, fulvic acid 
showed high affinity to PAHs.  The highest affinity of FA was observed for 
anthracene and flouranthene in silty clay loam, and sandy loam soil respectively. 
Humic acid strongly correlated with pyrene, flouranthene and anthracene 
compared to other PAHs. The least affinity of PAH sequestration was observed 
with humin. The FA and HA have hydrophobic sites for the adsorption of organic 
compounds. Therefore most of the PAH sequestration takes place in the FA and 
HA (Amellal et al., 2001). 
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The assumption was that after harvesting of vetiver and rye grass plant, the 
diesel-contaminated soil used in the pot experiment would have drastic reduction 
in total PAHs amount. Though, this was achieved to great extent but the 
concentrations of un-extracted PAHs increased significantly with the increasing 
soil organic matter (SOM). SOM played an important role in the sequestration of 
PAHs. Humic Acid could function as an enhancing agent in phytodegradation of 
soil contaminated with petroleum hydrocarbons and heavy metals (Park et al., 
2011) probably due to low pH conditions created in rhizophere in the presence of 
acidic conditons. The microbial activities were relatively lower in the soils with the 
lowest organic matter content, which were likely due to the nutrition limitation and 
PAH sequestration. The microbial activities developed in humic acid were much 
higher than those developed in humin, consequently HM was able to sequester 
organic pollutants stronger (Yang et al., 2011). 
 Soil fauna contains variety of microorganism meant for dynamic metabolic 
processes at rhizosphere level. Many bacterial and fungal species, obtained from 
rhizospher soil samples have been reported to degrade petroleum hydrocarbons and 
polynuclear aromatic hydrocarbons effectively (Márquez-Rocha et al., 2005). In 
the present study three phyla, Proteobacteria, Bacillus and Firmicutes, were 
identified from diesel-contaminated soil. These bacteria play an important role in 
degrading organic contaminants especially polycyclic aromatic hydrocarbons 
derived from diesel-contaminated soil. Sutton et al, (2013) reported high relative 
abundance of bacterial phyla including Firmicutes, Actinobacteria, Proteobacteria, 
Acidobacteria, and Chloroflexi from all samples collected from diesel-
contaminated soil. The concentration of PAHs (phenanthrene, pyrene and 
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chrysene) decreased in the treatment spiked with 2% diesel. This might be due to 
the presence of microrganisms that have ability to degrade these pollutants and use 
it as a nutrient source. In the same soil, high microbial communities of 
Streptomyces, Actinosynnema, Bifidobacterium and Mycobacterium were found 
indicating that these bacteria tolerate PAH stress and may degrade them into 
simpler compounds. The microbes utilize the PAHs from contaminated sites as 
their source of carbon and energy (Bamforth and Singleton, 2005). Balachandran et 
al. (2013) found that Streptomyces sp degraded PAHs present in oil contaminated 
soil. Thermoanaero-bacter and Actino-bacterium were identified from the aged 
diesel soil. The indigenous microbes in aged diesel soil reduced the concentration 
of acenaphthalene, phenanthrene and pyrene in the absence of grass. Abundance of 
these species in aged soils indicates that thermophillic bacteria are able to degrade 
PAHs. 
Findings of this study conclude that both the test plants used i.e. vetiver and 
rye grass plays an important role in the removal of PAHs from the soil. Soil 
organic matter fractions were the prime sites where PAHs was mostly sequestered. 
In addition, the amendment of compost has increased the degradation of PAHs 
through facilitated by microbial activity. Hence it is reasonable to state that the 
vetiver and rye grass can be a viable option for the remediation of PAH 
contaminated soils. 
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SUMMARY 
Polycyclic aromatic hydrocarbons (PAHs) are a group of persistent organic 
contaminants (POPs) that are ubiquitous. These PAHs enter in the environment 
from natural and anthropogenic sources and remain in the environment due to their 
recalcitrant nature for decades. PAHs are also target components of total petroleum 
hydrocarbons. Diesel contamination is a developing issue in our environment, 
which leads to pollution of water and soil systems and enters into the food chain. 
PAHs are present in every compartment of the environment but soil is the main 
and ultimate sink for most of the PAHs. In soil, these compounds interact with 
SOM and get sequestered by interacting with soil organic matter fractions (humic 
acid, fulvic acid and humin). By the use of plants PAHs can be removed from the 
environment through the process of phytoremediation. Experiments were 
conducted in summer and winter season. Two different textural soils were 
collected and spiked with varying concentration of diesel and also amended with 
compost. In each type of soil two different types of grasses were grown vetiver and 
rye grass for four month period and then analyzed for soil physichochemical 
characteristics, soil organic matter fractionation, plant growth parameters, and 
analysis of PAHs in soil and plant tissues (roots and shoots) by GC-MS.  
 Soil pH and EC values decreased from start to end of experiment. Organic 
matter, TOC, and TN concentrations between treatments but treatments that 
were amended with compost showed high concentrations after four months.  
 Microbial biomass carbon (MBC) and microbial biomass nitrogen (MBN) 
showed variable concentrations in both types of soils. MBC and MBN 
decreased in treatments that were only spiked with diesel while treatments 
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amended with compost showed relatively high MBC and MBN content 
after four months of treatments. 
 Significantly higher shoot and root growth of vetiver grass was observed in 
S2 relative to S1 in summer season. Vetiver grass showed 56% reduced 
root length in soil spiked with 1% diesel compared to the control. Similarly, 
biomass of vetiver was lower in spiked soil. Growth of root and shoot in 
diesel contaminated treatments was reduced significantly compared to 
controls and biomass was reduced twice as much as in rye grass. Hence it 
seems reasonable to believe that diesel appeared to be more detrimental to 
vetiver than rye grass but in the presence of compost, the harmful effects of 
diesel was minimized to a certain degree.  
 PAHs were also analyzed in root and shoot of both grasses grown in diesel 
contaminated soil. It was revealed that uptake of LMW PAHs was more 
compared to HMW PAHs. Removal of PAHs from soil by grasses is more 
in summer compared to winter. In vetiver most of PAHs are accumulated in 
roots compared to shoots due to their dense root system. 
 PAHs in soil were also analyzed through GC-MS at the start and end of 
experiments. Concentration of PAHs declined from initial at the end of 
experiment. Decrease in the concentration of PAHs was clearly evident in 
summer. The soil used for plantation of grass, showed greater decrease in 
concentration at the end of experiments. 
 Soil organic matter was fractionated into humic acid, fulvic and humin. The 
humin fraction was in a higher percentage in both types of soils in all 
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treatments compared to the other two fractions. Fulvic acid content was 
lowest in all treatments. 
 A correlation matrix of PAH sequestration in S1 and S2 with SOM 
fractions showed that humic acid had greater sequestration of HMW PAHs. 
Greater association PAHs with the FA in the study represented higher 
sequestration potential for most of PAHs. Humin showed the least relation 
with PAH sequestration in all treatments. 
CONCLUSION 
The findings conclude that use of plants is a good approach for PAH 
removal from the diesel contaminated soil and that SOM fractions play an 
important role in sequestration. Diesel contamination in soil certainly has negative 
effects on plant growth but compost amendment in soil has reduced the stress and 
enhanced growth performance. Uptake of PAHs by both grasses was significantly 
increased for the LMW PAHs compared to HMW PAHs. Concentration of PAHs 
declined in all treatments from start to end of experiment. Humic acid showed 
more sequestration with HMW PAHs while greater association with the FA in the 
study represented higher sequestration potential for most of PAHs. The results of 
the present study show that the PAH contamination from soil could be remediated 
using organic amendments (compost). Further, the use rye grass and vetiver grass 
are effective for phyto-remediation of PAH and improvement in soil properties. 
The present work could be very useful for developing remediation technology for 
contaminated soil. This study highlighted the accumulated PAH remediation from 
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soil by efficient phyto-accumulators, and sequestration of PAHs by soil organic 
matter fractions. 
FUTURE RECOMMENDATIONS 
This study revealed that PAHs affect the growth performance of grasses 
which were grown on contaminated soil and sequestration of PAH in relation with 
soil organic matter fractions. However, the following aspects should be focused in 
future research. Future studies could be performed on microbial dynamics and 
extracellular enzyme involved in PAH sequestration. Further, other types of 
organic amendments such as biochar of different biomass could be used. Humic 
acid could also be directly used for remediation of PAH contamination.  
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